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Summary
Sodium nitrite added to meat provides flavour, preservative 
properties, and colour, given by the light unstable nitrosyl- 
myoglobin pigment.
This research set out to reduce the use of sodium nitrite, 
thought carcinogenic at normal concentrations by earlier 
workers, and strongly suggests that its interaction with 
sulphydryl compounds present in meat tissue leads to the 
formation of nitrosylmyoglobin.
A transmission spectrophotometric method developed to detect 
small colour changes in meat without prior extraction has 
shown pure sulphydryl compounds added both in model and meat 
systems dramatically improve the light stability and formation 
of the nitrosyl pigment at low sodium nitrite concentrations.
S-nitrosocysteine, which may be an intermediate in the transfer 
of the NO group to myoglobin to form nitrosylmyoglobin, not 
only possesses all the desirable sodium nitrite properties but 
also dramatically reduces the chances of carcinogen formation, 
only very small amounts being needed to form the cured colour. 
S-nitrosocysteine also makes light stability dependent on the 
myoglobin/nitrosylmyoglobin conversion rate rather than on the 
residual sodium nitrite concentration.
Thus S-nitrosocysteine is strongly favoured to replace sodium 
nitrite in meat curing.
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Chapter 1
Introduction and Literature Review
INTRODUCTION
Since the earlier part of this Century man has been curing 
meat with sodium nitrite, which performs three main 
functions:
(i) It is responsible for the cured meat colour through 
its reduction to nitric oxide and subsequent 
reaction with haem pigments, which leads to the 
development of the pink cured meat colour related 
to the residual nitrite level in the meat at the 
time of cooking*
(ii) Sodium nitrite probably also contributes to the 
flavour of cured processed meat products*
(iii) The germination, outgrowth and toxin production of 
Clostridium botulinum is also inhibited by nitrite*
Cured meat products are distinctively attractive in their 
colour, texture and flavour and are popular because of the 
variety of meat products that can be produced including 
bacon, ham and salami, but also because they have a high 
storage stability.
The pigment predominantly responsible for the bright red- 
pink cured colour is nitrosylmyoglobin in raw meats which 
is converted to the more stable nitrosyl myohaemochrome 
during the process of cooking.
It is therefore apparent that the formation and stability 
of the cured pigment both in raw and cooked meat tissue is 
dependent upon the concentration of haem pigments, the 
presence of reducing systems within the meat tissue and 
the level of residual nitrite present during the curing 
process•
The haem moiety can undergo chemical changes even after 
the process of cooking which can lead to many unsolved 
discolouration problems encountered in the meat industry, 
that affect the saleability of the meat produced even if 
the quality is unaffected. Thus both an understanding of 
haem chemistry and the chemistry of the curing process is 
necessary. Although the actual mode of formation and 
stability of the nitrosyl pigment has been a subject of * 
extensive research many questions remain unanswered.
Workers have been previously aware of the importance of 
reducing systems both in raw and cooked meat. These 
reducing systems are not only responsible for reducing 
nitrite to nitric oxide but they also help to maintain the 
haem pigment in the reduced form to allow for the formation 
of the nitrosyl pigment. One of the more active biological 
reducing systems is that of the sulphydryl compounds such 
as cysteine or reduced glutathione which are especially 
important in cooked meat systems where enzymatic reduction 
is not possible due to their inactivation during the 
cooking process.
Besides reducing metmyoglobin and sodium nitrite^sulphydryl 
compounds have been implicated as intermediate carriers of 
nitric oxide through the formation of S-nitrosothiols 
which can easily donate their nitric oxide to myoglobin. 
Information on the formation of such complexes during 
curing has been limited.
Nitrosylmyoglobin and other haem pigments can undergo 
chemical changes such as photo-oxidation under adverse 
conditions. Tarladgis ( J\ y 6 2 ) and Lee and Cassens (1976) 
were of the opinion that the more stable cooked cured 
colour was due to the attachment of two nitric oxide
molecules to the reduced haem at the fifth and sixth co­
ordination positions, and that the transitional greying 
observed during the frying of bacon indicated the oxidation 
of myoglobin (Fe2+) to metmyoglobin (Fe3+) followed by the 
subsequent attachment of nitric oxide molecules, a hypo­
thesis which still requires verification.
It was apparent from all this that the role of sulphydryl 
groups in cured pigment formation had not been fully 
investigated. In order to understand the implication of 
sulphydryl groups in the chemistry of meat curing, our 
investigations were designed to study the following 
aspects:-
(a) To develop suitable methods for the examination of 
localised discolouration problems in meat systems 
with a view to understanding the haem chemistry 
involved.
(b) To investigate the function of pure sulphydryl 
compounds in model systems.
(c) To quantify the sulphydryl groups in meat systems 
and to examine the effect of sodium nitrite 
concentration on them under various storage 
conditions.
(d) To prepare and study S-nitrosothiols and to 
investigate their involvement in the formation of 
the cured meat colour.
LITERATURE REVIEW
Haem Pigments and Colour
Myoglobin in its various forms was recognised as the 
primary pigment present in post mortem muscle tissue and 
the concentration of this pigment is sufficient to impart 
a distinct colour to meat tissue which is dependent on the 
sex, age, muscle typesand species of animal to which it 
belonged, Dryden and Birdsall (1980). The molecular weight 
of myoglobin is a quarter that of haemoglobin at a value 
of 17f000. Its concentrations in muscle of different 
species are pork 0.06%, lamb 0.25$> and beef 0,50%, Lawrie 
(1952), (1961) and Lawrie et al (1965)*
Other potential but quantitatively less important pigment- 
ing substances also present in meat include haemoglobin of 
red blood cells, the cytochromes, vitamin an<* the 
flavins.
Myoglobin is a relatively small globular protein with a 
complex structure which is composed of haem group and a 
single polypeptide chain of 153 amino acid residues.
The haem group which is responsible for the colour of both 
myoglobin and haemoglobin is composed of a porphyrin ring 
and an iron atom. The organic portion consists of four 
pyrrole groups linked by methylene bridges to form a 
tetrapyrrolic ring. Pour methyl, two vinyl and two 
prop: ionate side chains are attached to this ring system 
to yield the planar molecule known as protoporphyrin IX. 
Although they could arrange five different ways only 
protoporphyrin IX exists in biological systems^Stryer 
(1975).
This iron atom is covalently bound to the four nitrogens
in the centre of the tetrapyrrolic porphyrin ring. The 
two additional axial bonds which the iron atom requires 
are found on either side and are perpendicular to the 
haem plane which forms protoporphyrin IX^Bodwell and 
McClean,f1971), (Fig. 1).
glohiu
 N
Fig. 1 Structure of Myoglobin
These bonds are referred to as the fifth and sixth co­
ordination positions. The fifth position is always 
occupied by an imidazole group of a histidine residue of 
the polypeptide chain, which forms part of the globin 
moiety^ Stryer{ 1975) • The sixth position is available 
for complexing with any atom which has an electron pair 
to donate and, either an ionic or a covalent bond could
be formed at this position to complete the structure of 
myoglobin.
If a covalent bond is formed at the sixth co-ordination 
position of the haem iron atom the bright colour typical 
of fresh cured meat is formed. Oxymyoglobin, nitrosyl- 
myoglobin and carboxymyoglobin are examples of ferrous 
covalent complexes of myoglobin with oxygen, nitric oxide 
and carbon monoxide respectively. Complexes of any one of 
these three ligands can be characterised spectrophoto- 
metrically by relatively sharp absorbance peaks at 535 - 
545 nm and 575 - 585 nm and the resulting colour is red 
(Lemberg and Legge, 1949 * Lawrie, 1966 , Walters et al
The haem iron atom can exist in either the ferrous (+2) 
or the ferric (+3) valency state. This change is dependent 
on the presence of reducing substances such as dehydro­
genase enzyme systems or sulphydryl compounds(Forrest
0975).
et al. 1975), (Pig. 2).
Fe — 5+ Reducing enzymes^ H20 -  Fe -  2+
Ferric
iron
Low oxygen 
tension
Fig. 2 Ferrous. Ferric Interconversion 
in Myoglobin
Myoglobin in the ferrous and ferric states can exist in 
solution complexed with the oxygen atom of water in the 
absence of a compound capable of forming a covalent
2+complex. In this form deoxygenated myoglobin (Fe ) has 
a diffuse absorption based with a maximum at 555 nm in the 
green part of the spectrum which gives a purple-red colour# 
For metmyoglobin with the iron atom in the ferric state 
the main peak shifts to 505 nm, towards the blue end of 
the spectrum with an additional weaker band at 627 nm in 
the red, which results in its brown colour'Bodwell & 
McClean, (1971).
Therefore, the donor molecule in the 6th coordination 
position determines the optical properties of the myoglobin 
molecule.
The bright red colour of oxymyoglobin occurs on the surface 
of raw meat where there is an adequate supply of molecular 
oxygen*Erdman and Watts,( 1957) . Myoglobin in the interior 
tissue is in the reduced form and is maintained in this 
form if there are enough reducing components. Once these 
substances (enzyme systems, cytochromes and sulphydryl 
groups) are no longer available the haem pigment is allowed 
to oxidise to the ferric (+5) state to metmyoglobin.*Bod.well 
and McClean&jJ 1971)•
A nomenclature for many of the various forms of haemo­
globin was developed by Lemberg and Legge (1949) and is 
reproduced in Table 1 .
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One of the more important forms of haem results from the 
covalent attachment of nitric oxide occurring during the 
process of curing of meat with sodium nitrite. Nitrite 
oxidises the haem initially to metmyoglobin especially 
if oxygen is present# Endogenous reducing agents such as 
ascorbate or erythnrbate can subsequently reduce this 
oxidised form of myoglobin which is then stabilised by 
combination with nitric oxide to form the nitrosylmyoglobin. 
The formation of nitrosylmyoglobin with the iron atom in 
the ferrous form is dependent upon the interaction.of myo­
globin nitrite and reducing agents# Nitrosylmyoglobin has 
a red colour similar to the fresh meat pigment cuymyoglobin 
and has an association constant in excess of a hundred 
times greater than that of the carbonmonoxide myoglobin 
complex which itself is more stable than oxymyoglobin# The 
nitric oxide myoglobin complex is more stable, even in the 
presence of oxygen, but it does photodissociate3 "Fox. (1966)^  
Giddings,(1977).
Heat denaturation converts nitrosylmyoglobin to denatured 
globin nitrosylhaemochrome which is also stable, and has a 
red pink colour# It is not clear however, whether the 
fifth co-ordination position is occupied by histidine in 
the denatured globin or whether there may be another nitric 
oxide molecule in this position^Tarladgis (1962^and Lee 
and Cassens.Cl 976) •
Haem pigments undergo selective changes even after cooking 
which lead to localised discolouration problems often 
related to microbiological contamination, fat oxidation or 
photo-ox.idation in display cabinets.
Although the absolute amount of haem pigment involved is
-10-
very small the effect on the attractiveness of the sample 
of meat to the consumer is profound. The more normal 
colour changes noted in fresh meat are outlined in Pig. 3 
and those which occurred in cured colour formation with 
nitrite in Pig. 4 *
Pox and Thompson (19^3) showed that the formation of green 
pigments occurred at high nitrite concentrations and at' 
low pH values. Similar discolouration due to ’’nitrite 
burn”, which leads to cleavage of porphyrin ring compounds 
such as choleglobin, has been reported by Greenwood et al. 
(1939).
Sulphamyoglobin formation would also lead to greening 9 
.Lemberg and Legge,(1949).
When fresh meat is cooked the process leads initially to 
the formation of the brown pigment metmyoglobin. In 
certain cases, however, refrigeration of the cooked meat 
leads to the development of a red pigment especially in 
the interiorj, Bodwell and McClean, 1971). This red complex 
is extremely unstable and is readily oxidised in air to 
the brown colour.
zero (0 ) (30mm Hg p09)
Low (0«)
* Mb ;----■-- — ---- »
9
Mb02 i-------------- i------------- - MMb
(Pe 2+) high (02) (Pe2+) Fe
r^ed?"^9 reducinS agents (brown)
' (ascorbate, S02) 
oxymyoglobin myoglobin - SH groups metmyoglobin
^2^2 (from rancid fat)
MbH202
(brown) ----------   > Cholemyoglobin   ^Choleglobin
(green)
Fig.3 Colour Changes in Pork Meat
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Fig, 4 Colour Changes in Cured Meat
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Kameri, Karel & Wierbicki (1979) analysed the red pigment 
appearing during radappartization in cooking uncured meats 
and stated that it was the ionising radiation which led to 
reduction of the globin haemochrome (Fig. 5)« The pigment 
had absorbance maxima at 542 and 582nm with a Soret band at 
411nm* Clark and Richards, (1971)•
Mb Mb02 MetMb
Fig. 5 Red Colour in Cooked Meats
Due to the diversity in haem pigments and the commercial 
importance of colour in meat products, methods have been 
developed for their analysis on the basis of the selective 
changes which the various forms of pigments undergo and 
can, therefore, be used for their quantification.
2-2. Methods for Pigment Analysis and Differentiation
Initial work on haem pigments in solution and their identi­
fication by means of their spectra was carried out by 
Lemberg and Legge (1949) who compiled a list of the 
association maxima for the pigments (Table 2).
70 - 75 C
enzyme
inactivation
globin myo-jhaemochrome
BROWN
o o Ak 4 p. o4 H> (D 4 4
P<4 «O CD P P a>X a O pb HP* ct- h- p. a>
P* P* P oP o O «+ H-
C+ HJ P P- 4P* O OO P <r 3 P3 P-
Denatured globin myo.haemochrome
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Thus, methaemoglobin cyanide is formed at pH 5» having a 
red colour and a peak of absorbance at 540 nm. Methaemo- 
globin hydroxide is formed above pH 7 with an hydroxyl 
group at the sixth co-ordination position. Acid haematin 
is formed in acid solution (pH 5-4)» the prosthetic group 
is ruptured which turns the redish purple colour of 
haemoglobin to a reddish brown with absorbance maxima 
at 662 nm and 576 - 579 nm.
Some chemical changes to the haem pigment can be used for 
its quantification such as the conversion of oxymyoglobin 
to carbonyl-c* --myoglobin, or the reduction with sodium 
dithionite of oxy-or met-myoglobin.
Another useful change is the formation of a reduced 
haemochrome using sodium dithionite and a base such as 
pyridine in an alkaline medium. The haemochrome base is 
formed by the co-ordination of two molecules of a base such 
as pyridine or nicotinamide with a ferroporphyrin. The 
pyridine haemochrome is salmon pink in colour and has 
characteristic spectrum with absorbance maxima at 5^5 nm, 
552 nm and 528 nm, Haemochromes of other bases have an 
orange to a rose hue , Fox et al (1966), and these could 
occur naturally in meat tissue in the presence of bases.
- 1 4
Form of Haemoglobin or Compound Absorption bands 
maxima (nia)
3 EmM
reduced. Hb 555
450
12.9 to 15.6 
118 to 154
oxy- Hb02 576-578
540-542
412-415
15.1 to 16.2 
14*2 to 15.3 
125 to 128.5
carboxy- HbCO 568-572
538-540
418
13.7 to 15.0 
14.1 to 15.3 
154
nitrosyl HbNO 575
545
13.0
12.6
met- HbOH 650
500
405-407
3.7 to 5.8 
9.5
154, 134
metcyano HbCN 540
412-416
(10,8
(11.5
92 to 104
Denatured globin 
haemochrome, 
pH 11.6
555-560
528-530
424
25 to 30.9 
10.7 to 14.8 
110
Denatured globin 
haemochrome in 
20?6 pyridine
558
528
26.9 to 29.1 
15.6
Denatured globin 
haemichrome
575
545
9.1
10.5
Denatured globin 
CO haemochrome
571
542
11.8 to 12.5 
12.4 to 12.8
Denatured globin 
cyanide ferro- 
porphyrin
568
540
10.7
15.0
Acid hematin, 
haemoglobin in 
acetic acid
662
376-579
6.7
45
— —  n . . ■— 1. , j ,
Table 2 Absorption Maxima of Various Haem Pigments
Reduced myoglobin, metmyoglobin and oxymyoglobin can form 
haemochromes, however it is not possible to convert the 
nitrosyl form of the haem pigment to the reduced haemo­
chrome and this resistance to change can be used for its 
differentiation.
Initially most of the determination of haem pigments in 
meat samples was carried out on aqueous pigment extracts 
by workers such as Lemberg and Legge (1949)9 Ginger et al 
(1954). Broumand et al (1958) and Wolfe _et al (1978) 
determined absolute and relative concentrations of oxy- 
carboxy- and met-myoglobin in fish and meat tissue. Walters 
et al (1963) employed a potassium cyanide derivative of 
metmyoglobin and demonstrated the differentiation of oxy, 
met, carboxy and nitrosyl pigment derivatives using the 
Soret peak.
As cooked meat pigment was difficult to extract into an 
aqueous medium, the method proved unsuitable for lightly 
pigmented meat tissue such as fish and pork.
Haldane (1901) was the first person to use a weak solution 
of acid alcohol to extract cooked meat pigments. This 
work was followed by extraction of cooked pigments with 
acetone# Hornsey (1956) developed a method for the selective 
extraction of the nitrosyl pigment from cooked meats which 
could be used for the analysis and quantification of this 
important pigment. Total pigment determination could also 
be carried out using an acid-acetone extraction.
As extraction processes can never be complete and artificial 
pigment changes could be introduced during the actual 
extraction, another popular method of pigment determination 
is that of reflectance spectrophotometry. Workers have been
4 s- 1  O —
aware that the colour of meat was controlled by distance 
of light path in meat, the pH, the marbling of connective 
tissue and the size of muscle fibres and denaturation of 
protein.
The comparison of absorption peaks of haem pigments in 
solution by reflectance are less definitive, Butler, 1962),
Erdman and Watts (1957) used absorbance ratios from 
reflectance studies to determine proportions of ferric and 
ferrous pigments. They refined the method for both total 
pigment determination of the proportion of metmyoglobin 
to reduced oxymyoglobin by measurements at 525 nm which is 
the isosbestic point for met, oxy and reduced myoglobin,
Tappel (1957.a,b) used reflectance spectrophotometry to 
study denatured globin haemochrome, and found that diffused 
bands led to difficulty in spectral characterisation. He 
therefore used glycerol in equal volumes to the ground meat 
tissue so that he could lower the temperature to -190°C 
which helped the resolution and sharpness of the spectral 
peaks. He also provided positive evidence for the 
occurrence of a 482-5 nm peak in cooked cured meats which 
was characteristic of the cured meats and not of other 
haemochromes• Tarladgis (1962) also agreed that peaks at 
640 and 48O nm obtained from meat samples by reflectance 
spectrophotometry indicated that the iron atom was in the 
ferric (Fe + 3) state. He showed that in nitrosylmyoglobin 
one co-ordination position of the iron atom was occupied by 
globin and the other by nitric oxide, and suggested that 
nitric oxide occupied both the fifth and sixth co-ordination 
position in the haem pigment of cooked cured meat. He 
contended that photo-oxidation or fading of cooked cured 
meats was due to the dissociation of the nitric oxide from
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the iron protoporphyrin ring which could be prevented by 
having reducing conditions and excess nitrite#
It is obvious from the review that selective changes in 
pigments can be used for pigment differentiation. However 
there has been a need for further research into methods 
for the determination of individual pigments as both 
processes of extraction and reflectance spectrophotometry 
have their limitations#
Little is known of the fate of sodium nitrite added to 
cured meat products, except that it may be linked to 
nitrosamine formation and possibly react to form other 
hazardous compounds# Thus this review deals with the 
reactions of nitrite that could occur when it is present 
in the simplest model system applicable to meat, namely 
that of an aqueous solution of haem pigments.
Nitrous acid dissociates in water and the extent of its 
dissociation is dependent on the following relationship;-
For nitrous acid pKa = 3-4* as the pH of post mortem
muscle tissue is 5«5 - 6.5 and approximately 0.2 - 0.4% 
of the salt would exist as the undissociated acid. Nitric
acid and nitric oxide are regarded as some of the products
of decomposition of nitrous acid and occur in a 1:2 ratio.
2.5. Reactions of Sodium Nitrite
2*3*1• Reactions of Nitrite in Vater
pK = pH - loga
-1 8-
5H0N0  ^ HNO, + 2NO + H„0
V   5 2
Other reactive species formed from nitrous acid in acid 
conditions are as follows:--
^ E^NO^ (nitrous acidium ion)
^ H2O + N0+ (nitrosonium ion)
2*3*2. Reaction of Nitrite with Haem
The typical composition of muscle is approximately 70% 
water and 20% protein with 9% fat and 1% analysable ash*
When nitrite is added to the muscle during curing less
than 50% of that added can he detected chemically (Cassens
et al* 1974)* Many cured meat products contain as little
as 50 ppm of nitrite even though 156 ppm has been previously added
The fate of the undetectable nitrite was of interest#
Generally the colour of raw meat is a purple red which on 
reaction with nitrite forms metmyoglobin which has a brown 
colour* With time and reducing conditions the colour is 
converted to a dark red nitrosylmyoglobin and heat de- 
naturation leads to the stable nitrosylhaemochrome which 
is pink.
Giddings (1977) indicated that the 6th position of the 
cured meat haem pigment was nitric oxide which was bound 
to the haem iron via the nitrogen atom to form a very 
stable paramagnetic adduct*
The convention by Bennett and Martin (1976) is to term a 
* metal, nitric oxide bond as nitrosyl and NO bound to any 
other atoms as nitroso* Nicholas and Fox (1975) suggested
HN0„ + H+
2
HN02 + H+
that the Association of Analytical Chemists^method of nitrite 
determination using Griess Reagents was the best,
Woolford and Cassens (1977) used labelled sodium nitrite
1 5
and showed that 73-87% of the N was located in the lean 
portion of bacon while 20-25% was in the adipose tissue.
Workers began to show evidence for a nitrite intermediate 
prior to its attachment to the haem moiety and Tinbergen
(1974) studied the reaction of nitrite with the low mole­
cular weight water soluble fraction isolated from beef 
muscle and showed that the nitrite content was strongly 
reduced by this fraction during storage at 18°C, This 
effect was pH dependent and was most active at the lower 
pH value. In the presence of myoglobin the fraction 
reduced nitrite and promoted nitrosylmyoglobin formation' 
and he therefore concluded that either an amino acid, a 
small peptide containing a sulphydryl group or some non­
amino acid compound was involved in nitrite depletion,
1 *5
Woolford (1974) using N labelled nitrite, showed that a 
substantial amount of the isotopic nitrogen could be 
separated by reaction with mercuric chloride and hydrogen 
bromide which indicated that nitrite had reacted either with 
sulphydryl groups or with amide or amine groups in the 
protein,
Ando (1974) reported the presence of a low molecular 
weight compound in pork muscle which was involved in 
colour formation with its reaction with nitrite and myo­
globin, He identified the fraction by gel filtration , to 
contain inosine monophosphate (IMP), adenosine tri­
phosphate (ATP), reduced glutathione, glutamate and ferrous j
X
ions and some ribose. Pox and Nicholas (1974) treated I
II
I
i
various chemicals in model systems with meat slurries and 
showed that reductants such as ascorbate and cysteine and 
histidine caused a loss of nitrite by the formation of 
nitroso reductant intermediates or products.
Workers like Riha et al (1973) presented further evidence 
for nitrite reduction or the formation of intermediates 
with compounds such as the sulphydryl groups or sodium 
ascorbate.
As a result a lot of work with model systems has been 
carried out to study the effect of nitrite on haem pigments.
In the presence of other reducing agents such as ascorbate 
and cysteine, Reith and Szakaly (1967a) showed that the 
combination of myoglobin with nitrite was in the ratio' 
of 1:1. Fox and his co-workers, however, led the field 
in this aspect. Fox and Thompson (19^3)» Fox 0966), and 
Fox and Ackerman (1968) showed that nitrite initially 
oxidised the haem pigment, that endogenous components or 
reducing agents added to the systems would reduce the 
oxidised form and that heat would denature the globin pigment. 
Fox (1966) studied the kinetics of the reaction in which 
nitrous acid and ascorbic acid formed an intermediate 
complex which slowly decomposed to give nitric oxide 
(Fig. 6).
Fox and Ackerman (1968) directly studied the effect of 
reductants, ascorbic acid, cysteine, hydroquinone, NADH 
and glyceraldehyde on nitrosylmyoglobin formation. With 
the exception of glyceraldehyde these reductions were 
involved in the production of a nitroso radical intermediate 
which gave off nitric oxide and this reduced the nitric 
oxide metmyoglobin complex to the ferrous state (Fig. 7).
- 2 1 -
2 HN0o  —  ^ N„0, + H«0d \------ d y I
■) AHNO + HN02 (A = Ascorbic)
Acid
2AHN0 + H90 ■---- ) 2AH0 + No0
2W3
AHNO AH + NO
NO + MetMb ------> NOMetMb
NOMetMb + AH NOMb
Fig, 6 Reactions According to Fox and Thompson (1965)
2HN0o 4"2 '
N2°3 + R
RNO R + HNO
■> RNO
2
NO
MetMbN02 - R
MetMbNO
NOMb k
MetMb - NO,
NOMetMb"
R = Reducing Agent
Fig. 7 Reactions According to Fox and Ackerman (1968).
Mohler (1974) proposed the following reactions between 
nitrite and oxymyoglobin:-
4Mb02 + 4N0“ + H20  -----  4MetMbOH + 4N0~ + 02 .
to explain the nitrate content in meat which was often 
higher than expected, and he thought it vras due to 
either the oxidation of nitric oxide attached to an 
intermediate such as S-nitrosothiol or the dismutation 
of nitric oxide.
Furthermore he believed that the metmyoglobin formed could 
be reduced chemically by sulphydryl groups, biochemically 
by the nicotinamide or flavoprotein, and by NADH - 
dependent dehydrogenase systems.
Several mechanisms for nitrosylmyoglobin formation in­
volving the flavoprotein components of various enzyme 
systems in muscle tissue are outlined in Watts et al 
(1966) who showed the reduction of metmyoglobin could 
be brought about by a respiratory enzyme system, Koizume 
and Brown (1971) described a non-enzymatic pathway for 
the formation of nitrosylmyoglobin from metmyoglobin which 
used NADH in the presence of FAD or FMN as reducing agents. 
In their system,under anaerobic conditions metmyoglobin 
was reduced to de-oxygenated myoglobin as shown in Fig, 8 . 
This then reduced nitrite to nitric oxide and was itself 
re-oxidised to metmyoglobin. Nitric oxide was immediately 
bound to excess myoglobin and the metmyoglobin was returned 
to the circulatory system.
2NADH 2NAD
v MetMb + Mb
▼ ^ I2MetMb $ 2Mb
I
NOMb
Fig. 8 Reactions According to Koizume and Brown (1971)
A complete enzymatic pathway for nitrosylmyoglobin 
formation was proposed by Walters et al (1967)# In this 
case nitrite took the place of oxygen in the respiratory 
chain as in Fig. 9 •
Fig. 9 Reactions According’ to Walters et al (1967)
The starting point was metmyoglobin formed from endogenous 
myoglobin and nitrite. Ferrocytochrome C was oxidised 
by nitrite to nitrosylferricytochrome in the presence of 
muscle respiratory enzymes. This compound could be reduced 
by NADH with the aid of NADH dehydrogenase, for instance, 
to give ferrocytochrome which did not form a nitrosyl
NO,2 Nitrosylferricytochrome C Ferrocytochrome C
Mitochondria
MbO 2 4 MetMb ^ NOMetMb > NOMb
+ NADH
NADH NAD
derivative. The nitric oxide (NO) then separated and 
transferred to metmyoglobin. The NADH dehydrogenase 
could now reduce the nitrosylmetmyoglobin to the desired 
cured pigment.
A judgement whether nitrite was a colour fixative or addi­
tive was called for in relation to regulations in the U.S.A. 
(Dryden and Birdsall,1980), and the strong belief was that 
nitric oxide was a colour fixative since it did not impart 
colour to cured meat but resulted in the formation of a 
more stable colour.
2.3.3* Reaction of Nitrite with Sulphydryl Groups
Workers such as Tinbergen (1974)* Ando (1974)* ^ox and 
Nicholas (1974) and Olsman (1974) had suggested that a 
low molecular weight fraction which contained sulphydryl 
groups was involved in the formation of the cured colour 
in meat. Kubber^d et al (1974) studied nitrosation and 
sulphydryl groups in myosin isolated from rabbit muscle 
and found that at room temperature and pH 3*0 and with a 
nitrite/thiol molar ratio of 1000/1, the disappearance of 
free sulphydryl groups was complete in less than 10 mins.
The reaction was slowed by higher pH or a decreased ratio 
of nitrite/thiol. If a 1:1 ratio was used at pH 6.0 no 
detectable reaction occurred within 3 hrs. At pH 5*0 with 
a ratio of 1:1 a 9*1% loss in sulphydryl groups was observed 
after 60 mins at 100°C under anaerobic conditions. They 
therefore concluded that a complex between sulphydryl 
groups and nitrite did not seem to form.
Sulphydryl groups could be involved in cured colour formation 
in three ways:-
(a) They could reduce metmyoglobin to myoglobin and 
maintain it in this state
(b) They could reduce sodium nitrite to yield nitric oxide
(c) They could react with nitric oxide to form intermediates 
such as the S-nitroso-thiols which would easily 
dissociate and yield their nitric oxide to the reduced 
myoglobin., Hoffmann & Hamm (1978)#
Furthermore, in a raw meat system enzym&tic reduction to 
form the cured colour by the methods of Mohler (1974) and 
Walters et al (19^7) already discussed would be possible 
but cooking would lead to destruction of these enzyme 
systems. Thus the stability and formation of the cured 
pigment during and after the cooking processes would 
largely be influenced by reducing agents such as the 
sulphydryl groups.
Watts (1955) carried out model system studies and showed 
that the concentration of sulphydryl groups was related to 
the behaviour of meat in fading. She also demonstrated that 
sulphydryl groups were the reducing agents at the higher 
temperature of cooked meats and that in their absence 
nitrite would attack the porphyrin ring of myoglobin 
besides oxidising the haem iron atom.
Although Kubber^d et al (1974) showed no evidence for 
S-nitrosothiol formation^ it is well-known that nitrite 
reacts with sulphydryl groups to form S-nitrosothiols. A 
number of researchers have studied their formation with a 
view to explaining the reaction mechanisms which would 
subsequently lead to loss of sodium nitrite.
Mirna and Hoffmann (1969) used minced meat and added to it 
nitrite equimolar to the sulphydryl content and showed a 
decrease of about 30% in both components during a two week 
storage period* Under usual cured meat conditions, the 
molar ratio of nitrite/thiol was about 1:9* which gave a 
large excess of sulphydryl groups. In meat cured with 177 
ppm sodium nitrite Mirna (1970) found that 4-8% of that 
added nitrite could be released from actomyosin by using 
heavy metals, such as mercury, which split S-nitrosothiols. 
Olsman and Krol (1972) blocked sulphydryl groups in meat 
and treated it with nitrite. They still noted a sub­
stantial loss in nitrite which could not be attributed to 
the sulphydryl groups. Their findings could be explained 
by changes in pH of ifche meat and also enzymic depletion of 
sulphydryl groups.
Kanner (1979) and Kanner et al (1980) showed that S- 
nitrosocysteine prepared by the methods of Mirna and 
Hoffman (19^9) had antioxidant properties and suggested that 
it would be a possible intermediate in the formation of the 
nitrosyl pigment. Kanner et al (1980) did not, however, 
show any advantage in the use of S-nitrosocysteine as a 
curing agent over that of sodium nitrite.
Sakata et al (1980) carried out an analysis of the low 
molecular weight fraction implicated in the formation of 
cured meat colour by gel chromography and concluded that it 
did contain sulphydryl compounds some of which were possibly 
attached to peptide chains of molecular weight below 500 
Daltons, as suggested by Tinbergen (1974)* Ouch strong 
evidence supporting the involvement of the sulphydryl 
group in cured meat colour chemistry led to the develop­
ment methods for their isolation and identification.
2.3*4* Other Reactions of Nitrite in Meat
Nitrite, by virtue of being a very reactive compound, could 
undergo many reactions in meat systems besides its reactions 
with water, haem proteins and reducing agents. It could 
react with amino acids such as tryptophan, Korosky and 
Hoffmann (1972),to form N-nitrosamines which will be dealt 
with in some detail later in the review.
There has also been evidence of the reaction of sodium 
nitrite with fatty acids and glycerides. Woolford and 
Cassens (1977) showed that 20-25% of the nitrogen of 
labelled nitrite was located in the adipose tissue of bacon. 
Walters et al (1979) suggested that pseudonitrdsite forma­
tion could occur across the double bonds of the unsaturated 
triglyceraldehyde and went on to show than on heating such 
compounds with a secondary amine such morpholine in a lipid 
solvent, nitrosation occurred. They suggested that N- 
nitrosopyrrolidine formation could occur in fried bacon via 
such intermediates.
Ascorbate also reacted with sodium nitrite and Newmark jet 
al (1974) indicated how nitrate could be formed from 
nitrite in the presence of ascorbate. Sodium ascorbate 
is often added with nitrite in curing brines, on the one 
hand, to enhance the formation of the cured meat pigment, 
but also to inhibit the formation of N-nitroso compounds.
The effect of ascorbate in inhibiting nitrosation in model 
systems was first shown by Mirvish et al (1972). They 
considered that the blockage of N-nitrosation by ascorbate 
was probably due to competition for available nitrite.
The reactions of nitrite in meat can lead to the formation
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of gaseous products. Walters and Casselden (1973) identi­
fied nitric and nitrous oxides as well as elemental 
nitrogen as being formed.
Sebranek et al (1973) confirmed the formation of nitric 
oxide and nitrogen with the former in a higher concentra­
tion.
Olsman and Krol (1972) showed that sodium chloride had no 
effect on nitrite depletion.
2.4* The Use of Nitrite in Curing
The use of nitrite as a preservative for foods had its
origin as early as 1,000 B.C. The ancient Romans learned
of the use of salt from the Greeks who used it to cure
pork and fish.
Polenske (1891) reported finding nitrite in cured meat and 
curing brine. He was soon followed by Lehmann (1899) who 
established that the pink colour of cured meat was due to 
the action of nitrite and not nitrate.
Further work by workers like Hoagland (1908) and Glage 
(1909) recognised the significance of nitrite in the 
curing process.
Subsequently the pigment of cured meat was deliberately 
produced by the addition of sodium nitrite itself, Kerr 
et al (1926) and proprietary curing mixtures containing 
nitrite were marketed in Germany and Europe, Binkerd et al
(1975).
Nitrite was shown to exert a definite preservative action
and was critical to safety and stability and flavour of 
cured meats,CCross et al (1965)* Cho and Bratzler (1970), 
Brooks et al (1940)« The principal action of nitrite was 
to protect against the out-growth of Clostridia, Spencer 
(l966)which could lead to production of toxins in cured 
vacuum packed and certain canned meat products, the ingest­
ion of which could be fatal to the consumer* Consequently 
nitrite has been used as a food additive especially in 
cured and pickled meat products at a level of 200 ppm and 
some cheese at a level of 10 ppm (Preservatives in Food 
Regulations 1962). The USDA recommended use of nitrite in 
meat products at 150 ppm in 19745 this was revised in 1978 
when ascorbate was introduced in the curing of meat and the 
levels of nitrite were set at 120 ppm with sodium ascorbate 
at 550 ppm, Baird-Parker et al.1974). Other factors such as 
temperature, pH of the meat and the presence of reducing 
agents influenced the growth of clostridia spores. Chris­
tiansen (1980), Tompkin et al (1978). It was Schack and 
Taylor (Canadian patent No. 674171) who suggested the 
formation of an active intermediate between nitrite and 
cysteine which had anticlostridial properties.
Incze et al (1974) demonstrated the antibacterial effect 
of S-nitrosocysteine as an intermediate that could be 
formed in cured meats and they Indicated that nitrosamine 
formation from S-nitrosothiols could only occur if nitric 
oxide was oxidised to nitrogen dioxide and then to form 
nitrous acid with oxygen. Because of the excess amount 
of sulphydryl compounds nitrosamine formation could there­
fore only be a secondary reaction, a fact which substantially 
decreases the likelihood of nitrosamine formation from 
nitrosothiols.
2.4.1. Curing with Sodium Nitrite
One of the common cures is the Wiltshire one based on 
findings of Callow (1932 - 1954). Essentially the brine 
pickle consisting of sodium nitrite and salt is pumped 
into the meat.
Holmes (i960) developed an accelerated method of curing 
slices of meat 2-8 mm thick by passing them for 2-15 mins 
through a brine containing 8-10% sodium chloride and 0*02% 
sodium nitrite. He found that maturation occurred in less 
than a day instead of 10-21 days for the Wiltshire curing 
process used for larger pieces of meat.
In modern meat preservation curing can be accerated by 
the method of Karmas (1976) who accomplished this by the 
addition of ascorbic acid. He reported that acidity 
favoured the curing action and that lactic acid generated 
in meat during post-mortem glycolysis was beneficial to 
the process.
The limits on nitrite levels were originally implemented 
because of its toxic actions. It is a vasodilator and 
hypotensive agent. It can reduce vitamin A stores in the 
liver and disturb thyroid function. Nitrite can also 
oxidise haemoglobin to the ferric form methaemoglobin 
which cannot transport oxygen. This is especially true 
in infants, because foetal haemoglobin is more susceptible 
to oxidation by nitrite and it lacks the enzyme glucose - 
6 - phosphate dehydrogenase which reduces methaemoglobin 
to its ferrous forms.
2.5. Nitrite and N-nitrosamine Formation
In 1961-62, an outbreak of liver disease occurred in 
ruminants and mink which was found to be caused by the 
presence of a compound formed from the nitrite added to 
their feed, Ender et al (1964)# It was found that the 
food fishmeal contained N-nitrosodimethylamine, a 
hepatoxic N-nitroso compound. Barnes and Magee (l954)f 
Magee and Barnes (1956). McLean and Magee (1967) noted 
that N-nitrosodimethylamine needed to be metabolized for 
its carcinogenic action and it appeared that the active 
molecular species was a derivative of the parent nitro­
samine. Furthermore Magee and Barnes (1967) showed that 
N-nitrosodimethylamine was an alkylating agent of nucleic 
acids in vitro and several carcinogens of this type were 
very powerful mutagens. Their observations have been 
extended to a range of volatile and non-volatile N- 
nitrosamines. Other workers Weisburger et al (1966), 
Druckrey et al (19^7) » Schmahl and Osswald (1967) used 
various species of animals and routes of administration 
and N-nitrosodimetylamine proved to be carcinogenic in all 
eleven animal species in which it was tested including 
monkeys. Lijinsky and Epstein (1970) suggested that cook­
ing a food may produce nitrosatable secondary amines such 
as pyrrolidine and piperidine from free amino acids such 
as proline and lysine. They postulated that decarboxyla­
tion of such compounds could also occur in the large intes­
tine by bacterial action at the alkaline pH, and would be 
highly carcinogenic.
C00H
CO
+ HNO 2
C00H
N
I
H
Proline N-nitrosoproline N-nitrosopyrrolidine
Telling et al (1975) found that the temperature of frying 
had an effect on the amount of N-nitrosopyrrolidine formed 
on bacon, more of the nitrosamine being formed at the 
highest temperature studied, namely 200°C. Shank and 
Newburne (1976), and Newburne (1979)* actually reported that 
nitrite itself is carcinogenic and this led to the IJSDA, 
Butler (1930) suggesting that an alternative to nitrite 
as a curing agent in meat products should be sought.
Thus, methods have been developed for nitrosamine analysis 
from food products at low levels and an advanced modifica­
tion of a vacuum distillation technique was described by 
Telling et al (1971) and Telling (1972). As the distill­
ation procedures used by this author were mild (weakly 
alkaline, medium and moderate temperatures) the resulting 
distillates were less contaminated with interfering 
compounds. Furthermore, recoveries of even highly volatile 
nitrosamines were found to be satisfactory under these 
conditions.
The volatile nitrosamines were subsequently determined^ by 
gas chromatography with the use of a selective detector 
such as a high resolution mass spectrometer by the 
method of Crathorne et al (1975) or a Thermal Energy 
Analyse®* could also be employed the methods of Downes 
et al (1976) and Walters et al (1978)*
2.6. Sulphydryl Groups and their Availability in Meat Systems
Sulphydryl groups are considered to be one of the most 
reactive functional groups in proteins and therefore their 
role has been the subject of a number of investigations. 
Their functional properties are particularly pertinent to 
cooked meat systems in which enzymatic reducing pathways
have "been destroyed by the cooking process.
They may also play a part in texture, flavour and nutritive 
value and both keeping and curing properties of meat tissue. 
The total sulphydryl content of meat protein was estimated to 
be 8-12 moles/lO^g protein, Hoffmann and Hamm (19^5> 1978) 
with the main sulphydryl components being identified as 
reduced glutathione, cysteine,  ^ inland coenzyme A. 
Oxidation of sulphydryl groups to disulphide bonds by 
heating above 70°C led to textural changes in the meat 
tissues which made the meat more crisp and a release of 
hydrogen sulphide and other sulphur containing volatile 
compounds contributed to meat flavour, Hamm and Hoffmann 
(1965)# Several sulphydryl groups are known to bind toxic 
elements and compounds, and carcinogens and therefore play 
an important role in detoxification mechanisms in both foods 
and organisms, Clarkson (197“0> Harrington (19^7)* Hoffmann 
et al (1971).
The role of sulphydryl groups in curing with sodium nitrite 
is a subject of great interest because the chemical reactions 
involved in the transformation of myoglobin (Mb) to
nitrosylmyoglobin (NOMb) after the addition of nitrite or
nitrate to meat have not yet been elucidated in complete 
detail. The different steps of the formation of (NOMb) 
can be simplified in the following equationss-
Reduction Reduction
+Mb
NO^ - ---- 1 } N02 -  £ NO ---- £ NOMb
(Bacterial) (Chemical)
or
(Biochemical)
Sulphydryl groups can be involved in these mechanisms
either in the reduction of nitrite to nitric oxide or to
protect myoglobin from oxidation to metmyoglobin (MetMb)
and furthermore to reduce (MetMb) to myoglobin (Fe^+ ---^
2+\Fe ). As a result the role of sulphydryl groups in the 
changes in meat colour had been studied by many workers 
like Watts and Lehmann (1952), Watts et al (1955)* Hornsey 
(1959)* Sazakalay (1966), Reith and Sazakalay (1967)> Mirna 
and Hoffmann (19^9) and Rubbered et al (1974)* Furthermore 
Saville (1958) showed that at pH 2-3 a quantitative reaction 
between nitrite and cysteine took place with the formation 
of a S-nitroso compound (S-nitrosocysteine) and workers 
like Mirna and Hoffmann (1969) and Olsman and Krol (1972) 
indicated that this could act as an intermediate in the 
formation of the nitrosyl pigment as the nitric oxide could 
easily split off from the nitroso thiols-
2R 2RSH + 2HDN0^ gH + 2H0N0
It was therefore no surprise that several methods 
existed for the estimation of sulphydryl groups both in 
solution and in meat systems. A reagent used for sulphydryl 
group determination would have to have the following 
properties (Hoffmann and Hamm, 1978):-
(a) It had to be soluble in water
(b) The pH of the reagent must be such as to prevent acid 
or alkaline denaturation of the test system
2R-S NO + HgO
+^2Mb 
2MbN0 + R-S-S-R
(c) It must be possible to measure an excess of the re­
agent
(d) The sulphydryl reagent and reaction products would 
have to be stable especially as some reactions with 
proteins required a long time for interaction
(e) The method must be sensitive because of the low 
sulphydryl content of meat tissue
The sulphydryl reagents were placed into four main 
categories. The first were oxidising agents:-
2RSH ------  -2e  } R-S-S-R + 2H+
and Ellman's reagent 5* 5* - dithiobis (2-nitrobenzonic 
acid) (DTNB),(Ellman4(1959) fell into this first category, 
DTNB reacts with sulphydryl compounds (SH) quickly to 
give a lemon yellow colour resulting from the union 
of the mesomeric 3~ca-rboxy-4 nitro-thio-phenolate which 
can be measured spectrophotometrically at 412 mm. The 
reagent is highly specific and sensitive for ifche deter­
mination of sulphydryl groups (Emm 3*600). It was first 
used in tissue, Randall and Bratzler (1970), and later a 
method was developed to measure the reactive sulphydryl 
groups in suspensions in tissue by Boyne and Ellman (1972). 
Stryer (1975) showed that using DTNB the estimation of 
sulphydryl could be carried out both in the presence of 
protein denaturing agents, such as 1% sodium dodecylsulphate 
or 8M urea, and also in their absence.
DTNB was one of the most useful reagents for the routine 
determination of the total content of protein sulphydryl
groups. Its main disadvantage is that all substances 
containing a sulphur anion would react with DTNB such as 
thiamine. As the thiamine content of meat is 0.9 mg/100 
mg of protein compared with its sulphydryl content of 
60-80 mg/100 mg of protein, this was not a great problem.
Unsatisfactory results from the use of some oxidation 
methods led to a study of the determination of sulphydryl 
groups by their reaction with mercaptide forming agents.
In this reaction, the hydrogen ion attached to the sulphy­
dryl group was replaced by a heavy metal such as silver or 
mercury.
R-SH — --- - -—  R3MSR 
Ion
Mercury is a hazardous metal to use and it also reacts with 
sulphydryl groups to form RSH(x) compounds where X is a 
halogen and this reaction could involve either one or two 
sulphydryl groups, (Benesh and Benesh, 1962). The most widely 
used mercuric compound was p—chloromercuribenzoate (PCMB) 
because of its stability and low toxicity. However, it is 
difficult to produce in a pure form and the impurities can 
catalyse the oxidation of sulphydryl groups to disulphide 
groups. The silver ions were therefore preferred as a means 
of sulphydryl group determination ^ Hamm and Hoffmann^ 1965) 
and are considered to be very selective in prote-injs^, After 
the interaction of sulphydryl groups with silver ions, the 
determination was finalised by an amperometeric or potentio- 
metric end point titration.
In general the amperometric titration has been preferred.
The amperometric titration was first applied to investi­
gations of sulphydryl groups in proteins by Benesh and Benesh, 1
They improved the assay through the use of a tris 
(hydroxymethyl) aminomethane buffer ('Tris) instead of 
ammonia and also used a mercury/mercuric oxide/barium 
hydroxide reference electrode with a low potential of - 0*4V 
against a saturated calomel electrode, which did not reduce 
oxygen. It was therefore unnecessary to eliminate oxygen 
from the test system. In order to prevent the oxidation 
of sulphydryl groups by air, ethylenediaminetetrd-acetic 
acid (EDTA) was added to the test solution. The test 
electrode was a stationary platinum electrode, Hoffmann 
and Hamm (1967 a) and was cleaned by dipping in warm 
nitric acid. The titration using this technique was not 
only very accurate and reproducible but the apparatus was 
simple to construct.
This method has been applied to muscle tissue particularly 
by Hoffmann and Hamm (19^5) * Hoffmann (19&9) an<^  Hoffmann 
(1971 abc, 1971 abc), A direct titration using tissue 
itself was difficult as particles adhered to the electrodes 
and a regular titration curve was difficult to plot, Hamm 
and Hoffmann, 1966 abc). An indirect method of titration 
was therefore developed. In principle an excess of silver 
ions was added to a meat slurry and the excess silver 
nitrate was then titrated with a sulphydryl compound such 
as reduced glutathione, Susie et al, 1974)*
The indirect method of titration also allowed the use of a 
variety of sulphydryl reagents such as N-methyl maleimide 
(NSM) and p-chloromercurybenzoate (PCMB), which allowed 
for greater variety in both reaction conditions and the 
type of reagents used,.Hoffmann, 1971 abc). Benesh and 
Benesh (1962) suggested that the reaction of silver ions 
with cysteine or cysteine ethyl esters was not in the ratio 
of 1:1. Hamm et al (1975) considered this was due to
inaccuracy in end point determination and he went on to show 
that silver ions were specific for sulphydryl groups by 
testing them with eighteen amino acids of various types 
including histidine#
Another method of sulphydryl group determination is pro­
vided by its reaction with N-methyl-maleimide (NEM). NEM 
contains a reactive double bond which absorbs in the ultra­
violet range around 300 - 302 nm# Its reaction with a 
sulphydryl group leads to a fall in the absorbance at 300 
nm# The compound has several disadvantages in that it is 
not stable in a:queous solution, and it is neither completely 
specific nor very sensitive E ^ = 620 at 300 nm Riggs 
(1961). As most proteins absorb around 300 nm, in their 
presence one would therefore obtain a high blank value.
Sulphydryl groups can also be measured fluorimetrically 
using N - 9 - acridinyl maleimide (NAM)# NAM combines with 
these groups to give a strong fluorescence at 435 nm when 
excited at 360 nm# It reacts with both reduced glutathione 
and cysteine, over the range 0#001 nmole/ml to 100 nmole/ml.
As only small amounts of tissue are required for analysis 
it is particularly useful for the micro determination of 
these groups in biological materials# It has one dis­
advantage in that it is unstable in solution at pH values 
below 7 (Nara and Tuzinura, 1978) and (Takahasni et al, 1978).
Of all the sulphydryl reagents used, however nitroprusside 
provides one of the most sensitive methods for a quanti­
tative measurement of sulphydryl groups.
+ R-S
Saville (1958) developed a method for the determination 
of sulphydryl groups by converting them to S-nitroso de­
rivatives after hydrolysis with mercuric ions, which 
released nitrous acid for determination using the Griess 
reagent.
With the development of ion selective electrodes, the Ag/S 
electrode was used for sulphydryl group determination,
Harrap and Gruen (1971 )• They reported some success in the 
use of the electrode on solution of pure thiols and proteins 
Harrap and Gruen (1 971 ) •■ The method had one disadvantage 
in that an acid medium was required for sulphydryl group 
determination and this led to protein hydrolysis.
The choice of buffer was also important as some complexed 
with the silver ions and this led to elevated results,
Harrap and Gruen (1971) did however show a value for 
cysteine/silver in the ratio of 1:1 which was in agree­
ment with theory. Where sulphydryl groups were 
attached to protein molecules incomplete reactions were 
obtained and this effect could be eliminated by protein 
denaturation with compounds such as urea, sodium dodecyl 
sulphate or heat. Hamm and Hoffmann (1966 abc) showed that 
silver nitrate was efficient in estimating total sulphydryl 
content of protein, using the indirect titration technique.
Chapter 2
Materials and Methods
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%  MATERIALS AND METHODS
3*1 Preparation of Reagents
3*1*1 Reagents for Nitrite Determination 
Carrez 1 solution
A solution of 219S zinc acetate and 3Oral glacial acetic acid 
was made up to a litre JL/n vootfc*-.
Carrez 2 solution
A solution of 106g potassium ferrocyanide was dissolved in 
water and made up to a litre.
Sulphanilamide solution
A solution of 1*0g sulphanilamide was prepared with
600ml warm deionised water, cooled and 400ml of 5N hydrochloric 
acid added.
N-(1-Naphthyl) ethylenediamine dihydrochloride (NED)
0.1g of NED was made up to 100ml with deionised water.
3*1*2 Reagents for Determination of Nitrosvlmvoglohin
A stock solution of 400ml acetone and 13ml of water was 
prepared and 43ml of it was taken for each determination.
Reagent for determination of total haem pigment
43ml of the above solution containing 2.096 concentrated 
hydrochloric acid was used for each determination. A 
stock solution of 400ml acetone, 20ml of water and 10ml 
concentrated hydrochloric acid was prepared.
3*1*3 Ellman Method for Sulphydryl Group Determination
5— 5* dithiobis(2 nitrobenzonic acid^(DTNB)
DTNB was prepared "by adding 39*6mg of it to 10ml of 95% 
ethanol.
Sorensen buffer
Sorensen buffer of ionic strength 0.1 was prepared at a 
final of 8.0.
3*1*4 Materials for Amperometric Titration
Reference electrode
The reference electrode was made up of a saturated solution 
of mercuric oxide (red) and barium hydroxide in deionised 
water. This was poured over a thin layer of mercury in a 
100ml beaker. A sediment of mercuric oxide and barium 
hydroxide settled on top of the mercpry. A platinum 
electrode of 0.5mm in diameter embedded within a glass tube 
with a 2cm free length was dipped into the beaker making 
sure that the free end was immersed in the mercury layer.
The beaker was covered with foil to prevent breakdown of 
the reference electrode and the solution of barium ... 
hydroxide and mercuric oxide was changed every two months 
when the apparatus was in continuous use.
Indicator electrode
This consisted of a glass tube with a platinum wire 0.5nim 
in diameter with a 1cm free length.
Electrical contact between the test and reference electrodes
was made by having a thin layer of mercury within the glass 
tube of both platinum electrodes. A copper wire was 
immersed in the mercury to make contact with the platinum 
wire. The free end of the copper wire from both electrodes 
was then attached to a microammeter.
The indicator electrode was cleaned with a warm 20% nitric 
acid solution after approximately a fortnight of continuous 
use of the apparatus.
Potassium chloride/agar bridge (KCl/Agar bridge)
This was prepared by making a saturated solution of 
potassium chloride in deionised water. The solution was 
heated to above 60°C and 2% agar was added. The hot so­
lution was set in a U  shaped glass tube.
Nitric acid solution (20%).
Trizma base at pH7.4 (Tris)
121.1g of Tris(Eydroxymethyl)-aminomethane was dissolved 
in 400ml of deionised* water. To this approximately 200ml 
of 20% nitric acid solution was added. The pH was adjusted 
to 7*4 and the solution was made up tp 1.0L.
Trizma base
A 1.0M trizma base solution was prepared.
Silver nitrate
A 1.0mM solution of silver nitrate was prepared.
The solution was covered with foil and kept at 5°0 to prevent
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its decomposition, A fresh solution was prepared for each 
days runs.
Ethylenediamine tetraacetic acid (EDTA) 0.5%
Reduced glutathione (GSH)
A 1.0mM solution of reduced glutathione was prepared in a 
50ml volumetric flask by using 0.01537g OSH and 1.12g 
potassium chloride made up to volume with a 0.5% solution 
of EDTA.
3.1.5 Reagents for Saville's Method for the Determination of 
S-Nitrosocysteine
Solution (A) 0.5% sulphanilamide in 25% hydrochloric
acid.
Solution (C) 1 volume 1.0% aqueous solution mercuric
chloride with 4 volumes of 3*4% solution 
sulphanilamide in 0.4N hydrochloric acid.
Solution (D) 0.1% solution of N-1-nephthylenediamine.
2% mercuric chloride.
3.1.6 Reagents for the Model System Study Using Simple sulphydryl 
Compounds
Mcllwain*s buffer
This was prepared at pH values of 5-4* 6.0, 6.4 and 7*0 
using 0.1M citric acid and 0.2M sodium dihydrogen 
orthophosphate.
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Myoglobin
0.1g in a 100ml of deionised waterCtto*"^0
3.1.7 Reagents for the Preparation of the Meat Sample 
Meat source
Boned out rindless pork shoulder, back or collar was 
obtained from a local butcher.
For comminuted hamburger cure
All visible fat and connective tissue was trimmed off and 
the meat cut into cubes of 1.0in before mincing.
For slice cure
The rindless meat back or collar was sliced on the Berkel 
and Parnell Bacon Slicer at position 7*
3.1.8 Reagents for Pigment Analysis by Transmission Speotrome.try 
Pyridine
Pyridine was held on sodium hydroxide pallets.
Blood
Pig or chicken blood received from local abattoir.
Meat tissue
Back pork from local butcher was prepared in 2mm thick 
slices.
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3.2 Preparation of the. Meat Systems
3*2*1 Slice Curing
The method of Holmes (19&0) was employed when comparing 
other curing agents to a cure containing sodium nitrite, 
particularly in cases where volatile N-nitrosamine analysis 
was also carried out.
Preparation of the slices
3.5mm thick slices were prepared on a bacon slicer, and
dipped in the brine containing 22% w/v sodium chloride with
—1 /
X*x 10mg kg’* w/v of curing salts for 2 mins and then 
allowed to drain on a stand for 15 mins before vacuum 
packing. The packs were stored for 48 *i- at 5°C in the 
dark before analysis.
3.2.2 Pump Curing
This was an accelerated curing method based on the 
principles of the slice cure technique.
Essentially a monopump was used to pump the brine to a 1% 
increase in weight in a meat sample at a pressure of 10 p.s.i. 
to ensure an even distribution of the curing salts. The 
meat tissue was then held in a drip tray overnight before 
slicing and packing (2.1.3)*
3.2.3 Hamburger Type Cure
A model meat system was developed in which the minced pork 
and curing salts were mixed together to form a homogeneous 
mixture to ensure even distribution of the curing salts.
* Where X is the number of ppm of curing salts required.
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The minced pork was mixed with salt in the following 
proportions s
- Percentage by weight - 
Pork 87
Water 10
Salt __
100
3 The salt was predissolved in water and mixing was carried
out hy hand for small batches (less than 500g) or in a 
domestic planetary mixer for larger batches. For samples 
containing nitrite, or S-nitrosocysteine, or simple thiols 
such as glutathione or cysteine hydrochloride, the required 
amount of sodium nitrite was first dissolved in the water 
with the salt before adding to the meat (Tables 3>4 8j*d
5).
Preparation of the "Hamburger"
20g portions of the meat mixture were weighed into vacuum 
pouches and pressed in a burger press. The samples were 
further flattened between two glass plates to a thickness 
of 2mm. The packets were then vacuum packed and held for 
48h: - at - 5°C in the dark before analysis.
3.2.4 Cooking Conditions
The samples were cooked in their vacuum packs by placing 
the packs in a rack in a water bath at the required 
temperature. It was noted that the sample reached the 
temperature of the water bath within one min.
After heating for the required time the samples were 
cooled in an ice water bath before storing them in the dark
- 47 -
at 5°C before analysis.
3*2.5 Fading Conditions
Samples were stored in a fading cabinet placed in a 
refrigerated room at 5°C» containing two 20 watt artificial 
daylight flourescent tubes (Atlas). The samples in vacuum 
packs were placed at a distance of approximately 20cm from 
the light source. The effect of light was examined in 
duplicate and one packet was placed under each tube.
Control samples were held in the dark at the same 
temperature.
- 4 8 -
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3* 3 v' Method for the Determination of Residual Nitrite
Calibration curve
A linear relationship was established between the nitrite content 
and the absorbance at 538nm over a range 0-1ppm with, a 
slope of 0,75 absorbance units per ppm sodium nitrite,
3*4 Preparation of Meat Extract
10g of the meat samples was homogenised with approximately 
50ml of warm deionised water and poured into a 250ml 
volumetric flask. The mixture was deproteinised with carrez 
reagents 1 and 2 (5nil of each), shaken and made up to 
volume with deionised water.
The mixture was filtered through a glass fibre filter paper 
to obtain a clear extract.
Nitrite estimation
Into a 50ml volumetric flask an aliquot of the extract was 
pipetted. The volume of the aliquot was determined by the 
fact that 10ml of the filtrate from a sample containing 
100ppm of nitrite gave an adequate absorbance.
To an aliquot of the filtrate 10ml of 0.1% sulphanilamide/
HOI solution was added, shaken and allowed to stand for 3 
mins.
Then 10ml of 0.1% N-(1-naphthyl)ethylenediamine dihydro­
chloride solution was added, shaken and made up to the 50ml 
with deionised water and allowed to stand away from direct 
sunlight for 10 to 25 mins. The sample was shaken again 
and the absorbance determined at 538nm.
-52-
Determination of the Nitrosyl Pigment Content
10g of the meat sample was homogenised on a voltex homo- 
geniser for 1 min with 40ml of acetone and 3®1 of deionised 
water (Fig 12). The mixture was then covered with Para- 
film and held in the dark for 30 mins at room temperature.
It was then filtered through a whatman No.1 filter paper 
into a quick fit glass test tube which was covered in foil 
to protect the pigment from light.
The absorbance was measured at 540nm against an acetone/ 
water blank.
Multiplication of the absorbance by a factor of 290 gave 
ppm nitrosyl myoglobin. Hornsey ,(l 959) •
Determination of the Total Pigment Content
1Og of the meat sample was homogenised on a voltex homo­
genised for 1 min with 40ml Acetone, 1ml concentrated 
hydrochloric acid and 2.0ml deionised water.
The mixture was covered with parafilm and held in the dark 
for 1 h before being filtered through a whatman No1 filter 
paper into a quickfit test tube covered with foil.
The absorbance of the filtrate was read at 640nm, multi­
plication of the absorbance by a factor of 680 gave the 
total acid haematin content in (ppm).
Nitrosyl Pigment Estimation-as a Percentage of the Total 
Pigment
Values for nitrosyl and total pigment contents for cooked 
meat samples were corrected for weight loss due to cooking 
and expressed on the weight of the uncooked sample.
Pigment
Corrected concentration Weight of cooked
pigment _ of ^ ________ sample______
concentration cooked Weight of uncooked
sample sample
Percentage conversion to the nitrosyl pigment
This was calculated “by using the following formula:
Percentage conversion = -^i^ ,rosy^ haem pjpm x 100
Total haem ppm
Accuracy of pigment analysis
Estimation of the absorbance was accurate to - 0.005 units. 
Taking into account the multiplication facto- rs involved, 
therefore, pigment analysis may only be considered accurate 
to:
Nitrosyl pigment ^ 2ppm
Total pigment as acid haematin - 3PP®
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$.8 Nitrosamine Analysis in Bacon Samples 
N-nitrosamine analysis
Nitrosamine analysis were carried out on both collar and 
back bacon prepared by the slice curing method.
5.8.1 Preparation of the Condensate and Distillate Samples
200g of the slices were fried for 4 mins each side in an 
electrically heated thermostatically controlled frying pan 
set at 575°P. The vapours formed during the frying process 
were collected under vacuum through an inverted funnel 
leading to a 250ml conical flask held in icewater, 
via a water cooled condenser. The vapour collected re­
presents the condensate while the fried bacon provided the 
distillate in the subsequent steam distillation.
5.8.2 Preparation of the Condensate Extract
The volume of the vapours formed during the frying process 
was measured and sodium chloride added to a level of 20% 
w/v.
The sample was then extracted with 5x50ml of dichloro- 
methane. Any traces of water in the solvent extract were f
removed by holding the sample over anhydrous sodium 
sulphate over night. The extract was then filtered through 
phase separation filter paper and the apparatus rinsed with 
20ml of dichloromethane. The filterate was concentrated 
down to 50ml using a Kuderner Danish Apparatus.
5.8.5 Preparation of the Distillate Extract
The fried bacon was weighed and 20% W/V sodium chloride 
solution was added. The sample was homogenised in an
M.S.E. homogeniser.
The homogenate was distilled under vacuum by the method of 
Downes and Edwards (1976).
The distillate was extracted with dichioromethane and 
treated in the same way as the condensate.
5.8.4 Method for Concentrating the Extracts Using the Kuderner 
Danish Apparatus (K.D.^ ""
The extracts were concentrated down to 150ml, in the 
Kuderner Danish apparatus in a water bath at 50°C.
In order to prevent the loss of volatile Nitrosamines 
during the concentration process, the solvent level in the 
K.D. flask was kept just above the level of the water bath 
and an air condenser was also attached to the flask.
The process of concentrating the extract down to 150ml 
took 2-5 h . At the end of this period 2ml of scintilla­
tion grade hexane was added to the sample in order to take
the extract up into hexane. The procedure of concentrating 
the extract continued until the volume was approximately 
50pl.
The extract was taken up in a syringe, the volume noted and
stored in a screw top glass vial with a septum at 5°C in
the dark.
5*8.5 Analysis of the Extracts
Aliquots of each extract were placed in 250ml three-necked 
flask containg 50ml of ethyl acetate. Dry nitrogen was
-5.6'
passed through the solution "before N-nitrosamine analysis.
The extracts were analysed using the method of Walters
Downes, Edwards and Smith (1978) and expressed in parts
“1
per billitt»i( ppb ) or jig kg N-nitrosopyrrolidine in
fried bacon. The limit of detection by this process was
- 1
approximately 1jig kg •
5.9 Colour Assessment Using the Gardner XL-10A
The colour of bacon samples cooked in pouches was assessed 
using the Gardner XL-10A Tristimulus Colorimeter. The 
bacon eye muscles were removed from the pouches and placed 
over the sample port with a white tile over it. For each 
sample three readings were taken randomly over the sample 
area. Two samples were used for each test condition and 
the six readings averaged.
The Gardner colorimeter used the Hunter L, A, and B, units 
of measurement where 'A* is an index of redness/greeness, 
the redder the sample the more positive the reading. We 
considered the *A* value most relevant to our work.
3.10 Model System Studies Using Simple Sulphydryl Groups
A model system was developed to examine the effect of 
simple sulphydryl groups such as cysteine hydrochloride 
and reduced glutahione on the formation and stability 
of the nitrosyl pigment at a wide range of pH and 
temperature before their role in meat could be determined.
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3.10*1 Model System Study of the Formation of Nitrosylmyoglobin
Metmyoglobin was used at a concentration of 0.1g/l00ml 
so as to provide adequate absorbance for analysis.
The effect of cysteine hydrochloride at concentrations of 1.0mM 
and 10mM and of reduced glutathione at 10mM, on the formation of 
nitrosylmyoglobin at sodium nitrite concentrations of 10, 30, 
50ppm was examined.
This study was carried out at temperatures between 
ambient and 50°c, 55°c» 60°c, 65°c, an<^  70°c, using 
McIIwain*s buffer at pH values of 5*4» 6.0, 6.4 , and 
7.0.
The metmyoglobin solution was first incubated for 10min 
in a water bath at the temperature of interest, in a 
25ml volumetric flask.
At the end of the incubation, the solutions of the 
sulphydryl compound and sodium nitrite in the respective 
buffer systems were added to the flasks, and the volume 
made up with the buffer. The flasks were shaken and 
incubated for a further 30min at the temperature of 
interest.
The final product was cooled rapidly in an ice water 
bath to stop further reaction and examined spectrophoto- 
metriclly as soon as possible.
At all times precautions were taken to protect the 
sample from light using foil.
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3*10*2 Model System Study of Nitrosylmyoglobin Formation Using 
S-Nitrosocyste.ine
Mcllwain’s buffer was used to prepare stock solutions of 
the reagents at the following pH values, 5*4> 6.0, 6.4 , 
and 7*0.
The samples were made up in 25ml volumetric flasks at 
SNC concentrations of 1.0, 2.5, 5*0 and 10mM. for each 
pH condition (Table 6).
The samples were incubated at room temperature or rJ0°C 
for 30mins, and at the end of the incubation period they 
were cooled in an ice water bath prior to spectrophoto- 
metric analysis against a reference sample of the buffer 
at that particular pH.
Samples which showed nitrosylmetmyoglobin spectrum were 
examined again after bubbling oxygen through the solution.
3.10.3 Model System Study of the Stability of Nitrosylmyoglobin
Metmyoglobin was used at the same concentration as for 
the formation studies, that is 0.1g/l00ml. The formation 
of the nitrosyl pigment was brought about by first 
reducing the metmyoglobin with a small amount of sodium 
dithonite and reacting it with sodium nitrite at final 
concentrations of 10, 20, J>0, and 50ppm.
Metmyoglobin ■ ■ ■ --
Cysteine hydrochloride 
S-nitrosocysteine (SNC) 
(when 100^ 6 pure) ■ " ■
0.5g in 50ml buffer
—  0.788g in 50ml buffer
  (A) 0.375g in 25ml.
(B) 0.375g in 50ml.
The effect of the sulphydryl compounds at a concentration 
of 10mM on the stability of the nitrosyl pigment at the 
different nitrite concentrations was examined.An initial 
run was also carried out using reduced glutathione at 
T.OmM.
The samples were prepared in 100ml volumetric flasks, and 
the stability study was done at the same pH and temperature 
range as the formation study.
Excess dithonite was removed by bubbling oxygen through 
the sample for one min, and a solution of the sulphydryl 
compound in the buffer was added at this point. The 
samples were made to volume with the buffer, and were 
incubated at the temperature of interest for 30 mins. They 
were held in an ice water bath before spectrophotometric 
analysis.
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3.10,4 Model System for Spectrophotometric Analysis
The spectra were examined using a Unicam SP 800 spectro­
photometer. A direct spectrum of each of the samples 
against a water blank was run initially followed by a 
difference spectrum in which the reference was prepared by 
converting the metmyoglobin to nitrosylmyoglobin at the 
concentration used for both our stability and formation 
studies. This was done using sodium dithonite to reduce 
the metmyoglobin, nitric oxide was bubbled through the 
solution for 2 mins, after which time the conversion to 
the nitrosyl pigment was complete.
The absorbance at 575nm was used for evaluating the con­
centration of the nitrosyl pigment.
The difference spectrum was particularly useful in cases 
where partial conversion of the pigment to reduced or 
metmyoglobin had occured, and where subsequently it was 
difficult to determine the absorbance from the direct 
spectrum.
3*10.5 Determination of Percentage Conversion to the Nitrosyl Pigment 
in Model Systems
The percentage conversion to, or the percentage break-down 
of nitrosylmyoglobin was estimated by comparison with the 
absorbance obtained when that concentration of myoglobin 
was either completely reduced with sodium dithonite or 
totally converted to nitrosylmyoglobin using sodium di­
thonite and nitric oxide.
At a concentration of 0.01g/100ml, nitrosylmyoglobin had 
an absorbance at 575nm of 0.57 while reduced myoglobin had 
an absorbance at 555nm of 0.58.
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When the test solution was examined spectrophotometrically 
against a reference solution of nitrosylmyoglobin, if all the 
pigment in the test sample was present as nitrosylmyoglobin, 
the absorbance against the reference was zero. However if 
the pigment was totally reduced, its absorbance against 
this reference was 0.17 at 585nm rather than 575nm. There­
fore the percentage formation of nitrosylmyoglobin is!-
Absorbance of sample by 
by direct or difference spectra.
Absorbance of myoglobin when 
converted to nitrosylmyoglobin as 
examined by direct or difference 
spectra.
3.11 The S-pectronhotometric Determination of Sulphydryl Groups 
with Ellman’s Reagent (d THbT !
Ux.
Ellman’s reagent is(disulphide 5 — 5*-dithiobis(2-nitro- 
benzo ic acid)(DTNB).
In a basic solution the disulphide DTNB(l) reacts quickly 
with dissociated -SH groups. The mesomeric 3-carboxy-4~ 
nitro-thiophenolate anion (il) formed, gives a lemon yellow 
colour, which absorbs at 412nm. The non-dissociated re­
action product (ill) is colourless and is formed under 
acid conditions, as illustrated for a sulphydryl group in 
a protein.
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COO- 
2 > N02
m o ~ __ g oo*"
NO^-iSr*^  ^ >„.Noz
( I I )
H+
* COOH
 > *0p 
( n x )
The advantages of the use of this reagent are its high 
specificity for sulphydryl groups and the high sensitivity 
of the absorption of the resulting coloured product at 
421ni(EH = 13,600).
One mole of the yellow thiophenolate is formed from one
mole of the sulphydryl compound. The limit of detection
of sulphydryl groups using this method is 0.03inM.
3.11.1 Estimation of Sulphydryl Content in Solution with DTNB
DTNB was used in our model system studies at pH values of 
5.4, 6.0, 6.4 and 7*0 to determine the fate of cysteine 
and reduced glutathione. This was especially important in 
the stability studies as a fall in the effectiveness of the 
sulphydryl groups mentioned above had been observed at pH 
values over 6 which was believed to be due to the oxi*-
*t>4*
dation of the sulphydryl compound.
In order to ascertain the residual sulphydryl content, 
stability determinations over the above pH range were 
carried out as outlined in section 3.10.3.
At the end 0.25ml of the solution was taken up to 50ml 
volume using Sorensen buffer at pH 8.0. This effectively 
converted the pH of the test solution to 8.0.which is 
optimal for an immediate reaction with DTNB.
3.11.2 Estimation of the Sulphydryl Content in Meat with DTNB
The method of Randall and Bratzler (1970) was adapted for 
this purpose.
Lean pork shoulder meat was used for studies. 2.5g of the 
meat tissue was homogenized in 25ml of 8.0M urea for 1 min. 
The urea treatment freed sulphydryl groups bound to protein 
and therefore permitted the determination of the total 
sulphydryl content of the tissue. In order to estimate the 
concentration of unbound sulphydryl groups, the urea was 
replaced by 25ml of Sorensens buffer at pH 8.0.
Both bound and unbound sulphydryl groups could be deter­
mined.
TOTAL (-SH) - unbound (-SH) — -bound (-SH)
The slurry of the meat tissue treated with 8.0M urea or 
Sorensens buffer was centrifuged.
The supernatant was diluted 1:10 with SorensenVbuffer and 
filtered.
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5.11.5 Spectrophotometrio Determination with DTNB
To 5.0ml of the test solution at pH 8.0, 50ml of DTNB in 
ethanol was added. The absorbance was determined at 412nm 
against a blank solution containing 50ml of DTNB in 
ethanol in 5*0ml of Sorensen's buffer.
The estimation of the sulphydryl content was based on the 
molar extinction value at 412nm.
E^ = 15*600 for the thiophenol anion reaction product.
F _ absorbance at 412nm 
n “ concentration X pathlength of the cell.
concentration = SSa8£S*gg». at 412°- pathlength 
• • El. of the cell
5.12 The Amperometric Titration of Sulphydryl Groups
A platinum wire electrode is placed in the 
solution of the sulphydryl compound to be determined. The 
reference electrode is made up of mercury, red mercuric 
oxide and barium hydroxide (Pig. 10).
A diffusion current followed through the cell and was pro­
portional to the concentration of free silver ions.
During the titration of the sulphydryl groups with the 
silver nitrate solution, the current remains near to zero 
until the end point is reached. The silver ions added 
were consumed by the sulphydryl compound in solution to 
give a silver mercapide.
R - SH + Ag ------- > R - SAg + H+ .
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At the end point the diffusion current increases because 
of an excess of silver ions.
A plot of current versus volume of silver ions added 
showed a horizontal line followed by a slope after the 
end point was reached. Back extrapolation of the slope 
intersects at the precise end point.
5.12.1 Principle of the Amperometric Indirect Titration
This method of titration was particularly useful for 
estimating the sulphydryl content of tissue homogenates.
A direct titration of tissue homogenates is difficult 
because particles adhere to the indicator electrode and 
cause irregular effects on the diffusion current thus 
making it difficult to plot a regular titration curve.
Essentially the meat or protein sample, which should contain 
between 0.2 and 0.8ywmole -SH (eg. 25mg of meat tissue) > is 
first incubated with excess silver nitrate solution. After 
the reaction, the excess silver nitrate is reacted with a 
known concentration of reduced glutathione. At the end of 
the reaction the remaining reduced glutathione is titrated 
against silver nitrate the amount consumed being equivalent 
to the concentration of the sulphydryl groups in the meat 
or protein sample (Pig. 11).
Hoffmann and Hamm (1974) showed that silver ions were . 
specific for protein sulphydryl groups when titrated in a 
tris (hydroxymethyl)- aminomethane (Tris) buffer at pH 7*4* 
This selective interaction was noted between the silver 
ions and sulphydryl groups even in the presence of chloride 
and histidyl groups which would react readily with silver 
ions under other circumstances.
,, i r rTnr,rTmT"r .^ «*|^ fiT^ ; y s ^ f i iB n r r r ClS X g "ft^i^ ,i^ i'S? P^ujrm::Wifgf^ ?i^ frS ? rW,Tg^ ^ 'r*aT ^ i r ^  - ^ MJiwM^-yepg^ ^ -
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/
(1) KC1 Bridge
(2) Copper Wire
(3) Mercury
(4) Platinum Wire Fused in Glass Tube
(5) (A) Saturated Solution of HgO + Ba(OH), 
(B) Thin Layer of HgO + Ba^H)^
(6) Microammeter
(7) Platinum Electrode
(8) Microburette with AgNO^ Solution
(9) Buffer 7*4 + Test Sample
(10) Stirrer at Constant Speed
(11) Rubber Bung
(12) Magnetic Stirrer Plate.
(13) 100ml Beakers wrapped in Foil
Fig, 10 Apparatus for the. Amperometric Determination.
- 6 8 -
l>OOOQ1
AgNO ie. The SH Reagent 
(6 1/1 mol)
Protein SH (e.g. O.6y(jlmol)
Remaining SH Reagent (Of4y&mol)
SH Glutathione ( ^ 1/1 mol)
Remaining SH Glutathione 
( 0.6^1 mol)
AgNO Consumed During Titration 
(0.6/imol)
Fig. 11 Principle of the Double Indirect Titration Method.
3.12.2 Application of the Amperometric Technique for Estimating 
Sulphydryl Groups in Solution
4*0ml of 1.0M Trizma base was mixed with 3*4ml of 1.0M 
nitric acid. To this were added 0.3ml of a 1.OM potassium 
chloride solution and 5*0ml of reduced glutathione solution 
(0.0307g in 100ml Trizma base pH 7«4)*
The platinum electrode was lowered into the test solution 
and the initial current reading was recorded. To the test 
sample of 1.0mM silver nitrj|£e solution was added at
the rate of 0.1ml per 30 secs, and the current was noted 
at the end of each addition.
The results were plotted and the end point of the titra­
tion determined. It was found that the addition of 0.01%
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gelatin to the test sample gave a more reproducible current 
reading,
5.12,3 Application of the Amperometric Technique for Determining 
Sulphydryl Groups in a Meat System
The meat tissue was minced twice and 25mg portions were 
weighed directly into screw top, 100ml glass bottles and 
the exact weight noted.
For a more accurate sampling, 250mg of the meat sample was 
homogenised in 10ml of deionised water using a Potter 
Elvej^nem homogeniser. 1ml of the meat slurry was pipetted 
accurately into the 100ml glass bottles which would 
contain 25mg of the meat tissue.
The 100ml glass bottles were covered with foil to prevent 
light interfering with the reaction process.
30ml of deionised water was pipetted into each bottle 
followed by 5*0ml of Trizma buffer at pH 7*4* Each sample 
was shaken and to the mixture 1.0ml of 1.OrnM silver nitrate 
solution was added. The bottle was capped and the mixture 
was stirred for a period of 1 h on a magnetic stirrer 
plate at room temperature.
After 1 h the sample was filtered through a Svintered 
filter funnel using a Buchner Flask. The funnel was rinsed 
with 2.0ml of deionised water.
The clear filtrate was then transferred to a 100ml beaker 
and 1.2ml of 1.0mM reduced glutathione was added. The 
sample was now ready for titration against a 1.0mM silver 
nitrate solution. The silver nitrate solution was added
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at the rate of 0.1ml every two mins.
The concentration of the sulphydryl groups was calculated 
by the method in Section 3*12.4*
3.12.4 Calculation of Results Using the Double Indirect Titration 
Method
The value at the end point in-JgSL was used to calculate the 
sulphydryl group concentration using the following formula.
(-SH) = (V-0.2*) X 10“6 MOL.
V is in0k%.
* The value of 0.2 was subtracted from the voltage because 
1.2ml of 1.0mM reduced glutathione solution was required 
to react with 1.0ml of 1.0mM silver nitrate solution, as 
silver nitrate and reduced glutathione combine in the . 
ratio of 1.1, 0.2ml of the reduced glutathione was in 
excess•
3.13 Use of the Ion Selective Electrode to Determine the 
Concentration of Sulphydryl Groups
An ion selective electrode is basically an electrode with 
a membrane which responds selectively to one or a number of 
ions in the presence of other ions.
When a membrane is placed between two solutions of the same 
ion at different activities an equilibrium potential 
develops, the magnitude of which is determined by the ratio 
of ion activities in the two solutions.
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Therefore when one solution in the internal electrolyte of 
the electrode has e constant ion activity and the other a 
sample solution the potential across the membrane is pro­
portional to the activity of the ion in the external sample 
solution.
This membrane potential difference can either be measured 
directly or can be deduced from the electromotive force 
(E.M.F) of a complete electrochemical cell.
The indicator electrode
A Philips 15,550 sulphide silver sulphide ion selective 
electrode was used. The Pellete in the membrane consisted 
of pressed silver sulphide (Pig. 12).
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Fig. 1
Electrode Body
Internal Reference Electr
Internal Electrolyte
Single Crystal or Compressed 
Inorganic.Salt
2 Indicator Electrode with an Inorganic Salt 
(Silver -Sulphide ) Kem'brane .
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The reference electrode
The essential characteristics of a reference electrode are 
reversibility, reproducibility and stability. As the 
electrode had to have a stability of - 1mV for accurate 
ion analysis, a double junction electrode was used. This 
consists of a saturated potassium chloride solution in the 
inner body of the electrode and a T.OM potassium nitrate 
solution in the outer body. See (Fig. 13)*
A continuous outflow of the inner electrolyte prevents the 
back diffusion of the sample solution and thus the ; ' 
stability of the internal reference contact potential was 
ensured.
Measurement of potential in millivolts
The Orion Model 901 ion analyser was used for this purpose. 
The potential was read after 2 mins of the addition of 
silver nitrate solution to test samples at the rate of 
0.2ml every 30 secs.
Determination of the end point
A plot of the current in milliamps against the volume of 
silver nitrate solution used during the titration process 
was plotted. It was noted that, unlike the amperometric 
titration the end point was not clear and had to be extra­
polated as being the point of greatest inflection. That 
is where the change of electrode potential in millivolts 
changes from positive to negative or zero to positive.
Internal Reference 
Electrode.
Electrode Body
SaturatedtPotassium Chloride 
Solution.
Membrane to Allow Outflow of 
K + Cl - Ions.
Potassium Nitrate Solution
'External Sleeve to Prevent Excess 
Iioss of Potassium Nitrate.
Fig. 15 A Double Junction Reference Electrode
Application of the Silver Electrode, for Estimating Pure 
Sulphydryl Compounds in Solution
The test solution was prepared by the method of Benesh 
et al (1962). To 4«0ml of a 1.0K Tris buffer, 3»4-ml of 
1.0M nitric acid was added and 0.30ml of 1. OK potassium 
chloride.
To this mixture 5»0ml of a 1mM stock solution containing 
either reduced glutathione or cysteine hydrochloride was 
added and the sample was made up to 50ml volumetrically 
with Tris buffer at pH 7«4*
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The test solution was prepared just before a titration was 
to be carried out against a 1.0mM silver nitrate solution 
added at the rate of 0.2ml every 30 secs from a 
microburette or until the ion analyser stabilised to an 
exact value.
Care was taken to ensure that the tip of the microburette 
was just above the surface of the test solution.
3*13*2 Application of the Silver Electrode- for Estimating 
Sulphydryl Compounds in Meat Tissue .
The meat system was prepared for titration as outlined in 
section 5*12.3*
3.13.3 Extrapolation of the End Point of Titration from the 
Response Curve Using the. Ion Selective Electrode
Extrapolation of the end point was satisfactory when a 
solution of a known concentration was being titrated or a 
pure sulphydryl compound was being used.
For a meat system, however it was not always easy to extra­
polate in this manner and a tangent to the slope was used 
for its determination. This method of end point determina­
tion was less accurate and the former could only be employ­
ed if an estimated value for the end point had first been 
determined using the amperometrie technique before using 
the silver electrode in the same meat system.
For a meat sample the final concentration of the sulphydryl 
group was estimated using the same equation as for the 
amperometric method (Section 3*12*4)•
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3.14 Preparation of S-nitrosocysteine
S-nitrosocysteine was prepared by the method of (Hoffmann, 
and Mirna, 1969)»&s improved by Hr Baniels of MAPF, Norwich.
Equimolar concentrations of cysteine hydrochloride were 
reacted with sodium nitrite in an acid medium, taking 
precautions to exclude as much light as possible during 
the preparation of the crystals.
The reaction is represented by the following equation:
h s c h2c h(n h 2)cooh + hono  ---- > n o s c h2c h(n h 2)cooh + h 2o
Cysteine hydrochloride (5*48g, I.Omol.) was dissolved in 
hydrochloric:acid (17ib1» 1.OK) and the solution cooled to 
-7°C. Sodium nitrite (2.0g, I.Omol) was dissolved separate­
ly in deionised water (8ml) at -7°C, and added drop vise
with stirring to the cysteine solution. The temperature was 
+ oheld to - 1 C so as to prevent deposition of ice crystals. 
The salmon pink S-nitrosocysteine which crystallised after 
approximately 10 mins., was filtered off, washed with 
isopropanol and then diethyl ether, and dried in a de­
siccator over silica gel for approximately 15 mins
until the smell of the ether had disappeared. The use of a
vacuum desiccator led to much decomposition through loss of 
nitric oxide.
3.14.1 Purity of S-nitrosocysteine as Estimated from its 
Extinction Co-efficient
S-nitrosocysteine absorbed in the visible range at 540nm 
and in the ultraviolet at 335nm. As the extinction . 
co-efficient at 335nm was fifty times greater than at 540nm. 
(Hoffmann and Mirna, 1969)* former wavelength was used
to determine the purity of S-nitrosocysteine prepared as
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crystals.
If the solution prepared from the crystals was a 100% pure
2 -1the extinction co-efficientat 335om would he 800cm «ol • 
For a test solution the extinction co-efficient could he 
determined using the following equations
Extinction co-efficient* .O P * i t y
concentration
An apparently 1mm solution of S-nitrosocysteine was prepared 
by dissolving 150mg of the crystals in one litre of deionis­
ed water, and then determining its absorbance against a 
water blank on the spectrophotometer. At this concentration, 
the optical density was less than 1.0 if Beer’s Law was 
obeyed.
3*14*2 Purity of S-nitrosocysteine as Determined Colorimetrically 
hy Savilles Method
Saville's method (1958) for determining microgram amounts of 
thiols was adapted for our use. It involves first liberat­
ing nitrous acid from S-nitrosocysteine in the presence of 
mercuric chloride. A brilliant azo dye was produced by the 
reaction between the nitrous acid, sulphanilamide and N- 
(1-naphthyl)*€thylenediamine (Griess reagents) which could 
then be determined spectrophotometricaliy.
Any nitrite contamination present in the S-nitrosocysteine 
was determined using the Griessreagents in the absence of 
mercuric chloride.
Into each of four 25ml volumetric flasks, 1.0ml of S- 
nitrosocysteine solution approximately 1.0mm in deionised
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water was first pipetted.
Into two of the flasks 10ml of solution (C) and into the 
other two 10ml of solution (A) was added.
The samples treated with solution (c) would give a measure 
of both the S-nitrosocysteine and nitrite contents because 
the mercuric chloride would hydrolyse the former to form a 
diazonipm salt which would couple the Griess reagents •
H\
0
/
H
S + Hg2+
Hg
N— i-- S
E
E
H 0
\
d )
A  O-— X+ + S
/
Ell R
E+ +H0N0
Eitrous Acid.
The mercuric chloride reacts with the S-nitrosocysteine in 
solution immediately. All the flasks were made up to 
volume with solution (E).
The intensity of the diazo dye was determined 15 mins later 
at 540*im using a Unicam SP 600 spectrophotometer against a 
water blank.
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The difference between the nitrite contents of samples I 
treated with mercuric chloride and those not similarly 
treated gave a measure of the concentration of S-nitr&so- 
cysteine and therefore its purity could be estimated. The 
accuracy of the determination was within - 2-3%.
3.14.2 Estimation of S-nitrosocysteine Groups in Meat Systems by 
Savilles Method ' '
Nitrite and S-nitroso group determinations in 10g meat 
samples was carried out by the method of Saville.
The samples determined for their S-nitroso content were 
heated with 10ml of 2% mercuric acid prior to its deter­
mination using the Griess reagents.
The concentration of the S-nitroso group was determined by 
the difference in the nitrite concentration in the sample 
treated with mercuric chloride and the control.
3.14«3 Storage of S-nitrosocysteine Crystals
According to Hoffmann and Mirna (19^9) S-nitrosocysteine 
was stable in solution in 0.1-1N sulphuric acid with a 
half life of 50 h.
Crystals were therefore prepared fresh for each run on the 
day and some samples of the crystals were stored in dated 
capped glass tubes covered with foil in the freezer 
Compartment of the domestic refrigerator. As the purity 
of these crystals had been checked and noted the stability 
of the crystals over a period of time could be assessed.
This was especially important later on in our research
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programme when the preparation of S-nitrosocysteine for 
commercial purposes was considered.
3.14*4 Storage of S-nitrosocysteine Crystals .in Ampoules
From the initial results of the stability of S-nitroso­
cysteine crystals, it was obvious that a method for storing 
crystals was needed. They were therefore stored in sealed u 
ampoules under argon.
The ampoules were covered with foil and some were stored in 
a dark cupboard at room temperature while others were 
placed in the freezer compartment of the refrigerator.
The samples stored at room temperature were examined for 
purity at weekly intervals for a period of one month while 
those in the freezer were examined at monthly intervals 
for a period of 6 months.
3.15 Effect of Temperature in the Development of Colour in the 
.Eye Muscle of Back Bacon
Workers such as Tarladgis (19&2) &nd Ranker et al (1972) 
had noted a transitional greying at the temperature range 
of 50°- 55°C during the frying of bacon.
We have attempted tc relate this to nitrosyl-pigment forma­
tion as studied by the method of Hornsey and by examining 
slices of tissue at various temperatures using transmission 
spectrophometry.
3.15.1 Preparation of the Meat Sample
Back pork was slice cured with input nitrite levels of
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50ppm and 150ppm as NaNO^j 48 hrs after the curing process, 
the eye muscle of the bacon was separated and repacked in 
individual pouches.
3.15*2 Method of Cooking
The ' _ y temperature ranged from between room temperature
to 70°C.
The^samples were held at the temperature of interest for 
10 mins. A thermocouple was used to monitor when the 
samples had reached the required temperature and after that 
the samples were immersed in liquid nitrogen for 30 secs, 
to stop further cooking and then into ice water bath before 
examination. The thermocouple.'allowed for a more accurate 
control of the cooking process.
3.16 Pigment Changes Detected During the wIn Situ" Cooking 
of the Eye Muscle of Sliced Back Bacon
Our earlier studies on transitional greying at temperatures 
of 50°- 55°C during the cooking of bacon had indicated that 
it was not uniform throughout the eye muscle and the change
*in pigment was not supported by our complementary studies on 
the development of the nitrosyl pigment during the cocking 
process.
As we had developed the method of studying pigments in 2mm 
thick slices of tissue we tried to use this method for the 
evaluation of the haem pigments during the cooking ’_in situ * 
in thin sections of the eye muscle of the bacon. The 
reference was an uncured slice.of the same tissue.
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3*16.1 Preparation of the Sample
Back bacon was prepared by slice curing of 2mm thick slices 
of back pork by the method of Holmes (3*2.1).
Bacon was prepared by this method at input nitrite concen­
trations of 20, 75, 100 and 150ppm as NaNOg.
3*16.2 Cooking Method I
The eye muscles of the bacon were vacuum packed individual­
ly in polythene bags. The samples were placed in a thermo­
statically controlled water bath of which the temperature 
was raised at a rate of 1°C per min. As each of the tempera 
tures of interest was reached representative samples were 
removed from the bath and immediately chilled in ice before 
the spectrophotometric examination of the haem pigments. 
Similar sections prepared in brine without added nitrite 
were used as reference samples so that the effect of any 
textural changes arising from the heating process were 
cancelled in difference spectrophotometry.
3*16.5 Cooking Method II
At the same time, 2mm thick slices of bacon at the above 
input nitrite concentrations were sealed in small pouches 
and heated to various temperatures within the spectrophoto­
meter. Their spectra were studied with reference to those 
of similar slices in pouches, prepared in brine without 
added nitrite. Spectrophotometer cell block was heated at 
a rate of 1°C per min.
This method would detect any small changes which would 
otherwise be missed during the cooking and cooling of bacon 
samples in the water bath before spectrophotometric analysis
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3*17 Methods for the Study of Saem Pigment by Transmission 
.Spectrophotometry
This study involved an initial approach to developing 
methods for the study of pigments without extraction by 
first working with haem pigments in solution and then with 
homogenates of meat systems. This work was later developed 
into a study of thin slices of tissue using transmission 
spectrophotometry.
3.17.1 Summary, of the Main Pigments .Present in Raw and Cooked Meat
Meat contains both haemoglobin (blood pigment) and myoglobin 
(muscle pigment) but the former accounts for a relatively
small proportion of the total pigment. Both pigments contain
the same haem moiety which is responsible for colour but 
differ by containing proteins of different size.
(Fig 14) Provides a summary of the common forms of haem 
pigments of relevance to meat products. The reduced .forms of
the pigments are red or pink while the brown colour is
associated with the oxidised forms.
3.17*2 Preparation of Samples for Spectrophotometric Analysis
Preparation of the blood sample
Blood from chickens or pigs was obtained from a local., 
abattoir. It was diluted 10 times with deionised water.
Preparation of rnetmyoglobin:-
The Sigma preparation of metmyoglobin was used and was 
dissolved to a concentration of 1mg in 100ml of deionised 
water.
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Preparation of Extracts-
30g of minced pork were macerated with 50g of distilled 
water in an MSE Homogeniser for one min. The resulting 
mixture was filtered through a Whatman Ho. 1 filter paper. 
The pork extracts were slightly cloudy but no further 
purification was attempted.
Preparation of homogenate:-
30g of minced pork were macerated with 30g of distilled 
water using an overhead homogeniser for 2 mins.
Preparation of Slices
Initially slices of tissue were prepared by slicing either 
canned ham or cooked pork meat on a.Berkel and Parnell 
bacon slicer.
From experimental results, it was obvious that position 4 
on the bacon slicer was the best, the slices prepared at 
this position were 2mm thick.
Preparation of minced pork slices:-'
It was not always satisfactory to use the bacon slicer for 
preparing slices and a more uniform'meat system, namely the 
hamburger, (3*2.3) was developed which gave a uniform 
comminuted system for analysis so that slices from both raw 
and cooked tissues were 2.0mm in thickness.
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The flattened samples especially after cooking resembled 
thin slices of meat and for convenience they will be 
referred to as slices unless otherwise specified.
Preparation of a reconstituted slice
This was a useful way of preparing 2.0mm thick slices of 
meat tissue for analysis from tissue where the discolora­
tion was, superficial and/or in small patches and a 2mm 
thick slice could not be prepared directly.
3.18 Adaptation of Cell Systems for Spectrophotometric Analysis 
of Haem Pigments in Meat Tissue ’ ~
Blood, metmyoglobin and aqueous extracts were examined at 
room temperature in 10mm glass cuvettes against a reference 
cell containing a water reference using the Unicam SP 800 
spectrophotometer.
As a result of the opacity of some meat homogenate systems, 
and.because it was sometimes not possible to slice meat 
products, such as corned beef owing to their structural 
fragility, specialised cell holders were developed to hold 
these types of samples in the spectrophotometer.
3,18.1 Cell Holder for the Study of Homogenates
Cel! holders were developed for the spectrophotometer with 
grooves 1.0 and 2.0mm thickness. The homogenates* solution 
wasjpipetted into the space between the glass slides from 
the slide to prevent formation of air bubbles.
The cell holder from the Unicam SP800 spectrophotometer 
was removed and the two cell holders were placed in position,
one holding the reference sample and the other the test.
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3.18.2 Cell System to Hold Reconstituted Thick Slices
2mm thick slices of tissue could be easily examined 
spectrophotometrically laying them flat against the 
surface of glass cuvettes nearest the source of light.
In order to overcome the problems of studying tissue which 
was too fragile to slice or of discoloured tissue that 
was not 2mm thick, slices of this thickness were 
reconstituted using special cell holders. The cells 
consisted of two thin glass slides held apart by metal 
spacers with a gap of 2.0mm, the whole being maintained 
rigid by a brass collar at each end fitted with a clamping 
screw as in the diagram (Fig 15)*
The dimensions of the completed cells were such as to 
permit their insertion into the cell holders of the 
U.nicam SP800 spectrophotometer.
In use, meat tissue was placed on one of the glass slides 
to a depth in excess of the required thickness of 2.0mm.
Both of the spacers were placed in position followed by 
the second glass slide with slight pressure to permit 
the insertion of the whole into the two brass collars, 
one at each end. Finally, the screws.were adjusted to 
maintain sufficient pressure on the;glass slides to keep the 
whole rigid without their cracking. Excess meat which had 
protruded beyond the limits of the slides was then trimmed 
away with a scalpel.
3.19 Development of References for Pigment Estimation by
Transmission Spectrophotometry
In studying aqueous extracts of haem pigments direct 
comparison of the pigment with reference to a water blank
was made. For tissue and homogenate samples, however, the
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spectrum could only be studied by comparison with another 
sample as a result of the opacity of these, under 
examination*
Difference Spectra
This was, one of the most common methods employed and 
was useful for examining the cured meat pigment with 
reference to an uncured sample*
Attenuator
The Unicam SP 800 spectrophotometer is provided with 
two a.ttenuators which can be used to restrict the amount 
of light falling on the photomultiplier from the reference 
beam to different extents, (1.0 and 1.8 Absorption units). 
The attenuator at 1.8 absorption units was most commonly 
used as a reference.
Bleaching with hydrogen peroxide
The haem pigments in a similar slice of meat product to 
that under investigation was bleached with 20 volumes 
hydrogen peroxide to provide a reference sample in 
transmission spectrophotometry. Cooked meat slices were 
bleached by immersion in 20 volume hydrogen peroxide 
solution for approximately 1-2 h . This reference was 
particularly useful and easy to prepare for examining 
cooked meat samples. However the method proved unsuitable 
for raw samples as bleaching was often incomplete. Also 
evolution of oxygen presumably as a result of catalase 
in raw meat caused disruption of the raw minced slices.
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The hydrogen peroxide bleached slices could be dehydrated 
and kept for 10-14 days and rehydrated in water for 10 mins 
before use for the study of systems where the same reference 
was required for analysis.
Acid acetone extraction
Haem pigments from both raw and cooked meat samples were 
extracted using a mixture of 80% acetone 18% water and 2% 
concentrated hydrochloric acid^ Hornsey (1956). All the 
pigments were extracted with 2-3 h and the slices were 
rehydrated in water for about 30mins. Soaking for 30 mins 
improved the resolution of the spectra.
Acetone/water extraction
Nitrosylmyoglobin was selectively extracted from raw and 
cooked meat samples by using a mixture of 80% acetone and 
20% water^ Hornsey (1956). Since the forms of haem-' 
pigments other than nitrosylmyoglobin would remain unchang­
ed in the reference tissue during treatment with aqueous 
acetone the difference spectrum obtained would not include 
any contributions from nitrosylmyoglobin.
3.20 Chemical Changes for Pigment Differentiation
Myoglobin is capable of undergoing selective chemical 
changes both in raw and cooked meat systems and in aqueous 
haem pigment extracts as shown in Table 7/•
These changes can be chemically brought about as outlined 
below.
-91-
3.20.1
3.20.2
5.20.3
3.20.
Formation of Oxymyoglobin
A piece of fresh uncooked meat exposed to air exhibits 
spectra typical of oxymyoglobin.
(oW-onrn)
Blood/\aiid metmyoglobin prepared by the method in section 
(3*12.7) could be converted to oxymyoglobin by directly 
bubbling oxygen through the sample for 2 mins. In the 
case of metmyoglobin prior reduction of the pigment using 
a few milligrams of sodium dithionite before treating with 
oxygen is required.
Formation of Nitrosylmyoglobin
Aqueous haem pigment extracts (3*12.7) were treated with a 
few milligrams of sodium dithionite before sodium nitrite 
was added.
Raw meat tissue was cured directly with sodium nitrite and 
the pigment formation took 48h to develop. Cooking 
further enchanced this pigment formation.
Formation of Reduced Myoglobin
Haem pigment samples in solution and meat tissue could be 
converted to reduced myoglobin by treating the samples with 
a few milligrams of sodium dithionite.
Treatment with Potassium Ferricyanide
Oxidation of haem pigments was brought about by treatment 
of the samples with 0.5% potassium ferricyanide. This 
reaction was instantaneous in the aqueous pigment extracts 
while in tissue samples the reaction took 15min to develop.
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3.20.5 Formation of Carboxymyoglobin
Haem pigments have a higher affinity for carbon monoxide 
than oxygen. Oxy-forms of the haem pigments can be 
converted to carboxy by bubbling carbon monoxide through 
the sample for 2 min. while other forms of the pigment 
require prior reduction with a few milligrams of sodium 
dithionite before the carbon monoxide is bubbled through.
3*20.6 Formation of the Reduced Haemochrome
A typical reduced haemochrome has a spectrum of double 
peaks at 555 and 524nm, and this pigment can occur 
naturally in meat tissue as a result of the interaction of 
reduced haem pigments with basic compounds such as 
nitcotnamide•
To form the reduced haemochrome, haem pigments are reduced 
using a few milligrams of sodium dithionite prior to 
treating them with either 0.2ml $QP/o aqueous solution of 
nicotinamide or a similar amount of pyridine in 10mls of 
the pigment sample.
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4.1. Analysis of the Hamburger System for Nitrite Input and 
Optimum Cooking; Condition.
4.1.1. Introduction
The hamburger meat system provided us with a uniform system 
to study discolouration problems, on 2mm thick slices by 
transmission spectrophotometry. As the system was new, 
experiments were required to establish the optimum cooking 
temperature for cured colour development in subsequent 
experiments.
4*1 • 2 • To Determine the Optimum Temperature for Initial Colour 
Development.
Meat samples were prepared (3*3.3) with initial nitrite 
levels of 150 ppm and were heated in vacuum packs in a 
water bath for 10 and 30 mins at the following temperatures, 
namely 55°C, 60°C, 65°C, 70°C, 75°C and 80°C. The nitrosyl 
pigment concentration was determined for all cooking 
temperatures. Total pigment determinations were done on 
raw samples and it was assumed that this would remain 
constant throughout. Analysis of randomly selected cooked 
samples indicated that this was true.
The amounts of nitrosyl pigment formed at different 
temperatures were tabulated (Table 8).
Heating temp. 
°C
cooked weight (g) 
after cooking for
nitrosyl* haem (ppm) 
concentration after 
cooking
% conversion 
after cooking
10 30
tnin min
10 30
tnin min
10 30
min min
unheated
55
60
65
70
75
80
19.6 19.2 
18.9 17.6
17.7 16.1
17.0 15.5 
16.7 15.3
16.1 15.1
H 27 
\2 48 
\9 48 
31 51 
35 48 
8^ 50 
53 54
35 35" 
54 62 
63 62 
66 66 
71 62 
63 65
69 7Q_
* corrected for cooking loss.
Total pigment (as acid haematin = 77*5 ppm)
Residual nitrite concentration at times of cooking « 137 PPm
Table 8 Amounts of Nitrosyl Pigment Formed at Different Temperatures
of Cooking.
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The proportion of pigment converted to the nitrosyl form 
increased from about 35% in the raw sample to a maximum of 
70% after cooking. In general, there was little difference 
between samples heated for 10 or 30 min above 60°C. The 
colour intensity at rfO °C and above was similar to that 
observed visually. It is considered that the apparent drop 
in nitrosyl pigment after heating for 30 min at 70°C was not 
significant and within the range reported for the error in 
the nitrosyl pigment determination.
There was an increase in conversion to the nitrosyl from up 
to about 65°C. The calculation of the amount of nitrosyl 
pigment in cooked samples involved correcting for the water 
lost during cooking. To make this correction it was assumed 
that no pigment was lost in the cooked out liquor.
It was concluded that there was no significant increase in 
conversion to the nitrosyl form above 70°C.
4.1.3. Effect of Initial Nitrite Levels on the Development of 
Cooked Cured Colour.
Samples were prepared at initial nitrite levels of 5*10,20, 
30,40,50,100 and 150 ppm. 48k after that preparation 
(section 3•3•3 and 3*5*4)> they were cooked at 70°C for 
10 min.
The results are tabulated in Table 9* All the raw samples 
had an acceptable colour and at 5 ppm nitrite, the conversion 
of the pigment to the nitrosyl form was very low (18%).
The sample still had a good colour, probably due to
the purple/red reduced myoglobin present in the sample in 
vacuum packs.
Conversion to the nitrosyl pigment was independent of 
nitrite concentration at and above 10ppm. At 1Oppm the 
sodium nitrite was in the molar ratio of 1:1.2 with myo­
globin, (in samples containing 80ppm of the pigment as 
acid haematin).
Reith and Szakaly (19&7 a) found that a molar ratio of 
1:1 was optimal for nitrosyl pigment formation in solution 
when sodium ascorbate was present at a reducing agent.
In the cooked samples 5ppm input nitrite gave an un­
acceptable brown colour after cooking. Samples prepared 
with 1Oppm of more nitrite gave a good cured colour with 
samples containing 20ppm or more of initial nitrite being 
a more intense pink than 1Oppm samples.
At all nitrite levels the amount of nitrosyl pigment 
increased with cooking. The 5ppm nitrite sample contained 
28% nitrosyl pigment conversion which was not sufficient 
to produce a pink colour, while at nitrite levels of 10-30 
ppm there was a 60% conversion to the nitrosyl pigment. At 
40ppm the percentage conversion increased suddenly and this 
was in agreement with Reith and Szakaly (1976 b), who found 
that the formation increased with nitrite concentration to a 
maximum at a molar ratio 1:5 myoglobin:nitrite which in these 
experiments was about 40pPra nitrite. It was also found that 
there was no significant colour improvement visually above 
20ppm nitrite, in agreement with Lyle (1977) who showed 
a similar effect with luncheon meat.
- 9 8 -
Initial 
nitrite 
(ppm) 
as NaN02
residual
nitrite
(ppm)
RAW SP.MPLES COOKED SAMPLES *
nitrosyl
haem
(ppm)
%
conversion
nitrosyl
haem
°/c conver­
sion
5 1.05 15 18 24 28
10 2.5 37 44 49 59
20 14 30 36 51 62
30 26 26 31 50 61
40 28 28 33 53 64
50 38 29 34 58 70
100 81 31 37 58 70
150 130 30 36 60 72
Table 9 Effect of Initial Nitrite Concentration on Residual Nitrite 'and on 
Conversion of Pigment to Nitrosyl.
*A11 cooked samples were corrected for cooking losses*
Uncooked weight = 20g
Cooked weight average = I6.6g
Total haem pigment = 83ppm as acid haematin
4*1*4* Summary and Discussion
The initial experiments on our model system compared well 
with nitrosyl pigment conversion reported by Reith and 
Szakaly (1967 - a and b)*
For the future study, it was concluded that there was no 
significant increase in conversion to the nitrosyl pigment 
above 70°C and cooking conditions of 70°C for 10 min were 
adopted as standard*
It was also concluded that for development of uncooked 
cured colour in vacuum pack 1Oppm of input nitrite as NaN02
- 99 -
was adequate. Although 10ppm of input nitrite was normally 
adequate 20-30ppm sometimes gave a more intense colour.
10ppm nitrite and ahove was required to stabilise the cooked 
cured colour on storage of samples for 3 weeks at 5°C in the 
dark.
4*2. Spectrophotometric Analysis of H&gttipPigments
4*2.1. Introduction
The colour of meat changed after the process of cooking.
The oxidised forms such as metmyoglobin had an unattractive 
brown to grey colour, whilst the complexes of reduced 
myoglobin with nitric oxide or oxygen were often a pink to 
red colour.
Many workers who have studied the properties of meat pigments 
used either transmission spectrophotometry of pigments 
Hornsey (1956), Reith and Szakaly (1967)» or else reflectance 
spectrophotometry Erdman and Watt (1957)» on extracts of haem 
pigments.
In order to examine tissue for colour changes, a method has 
been developed using transmission spectrophotometry for 
tissue analysis.
An initial approach to the problem was to examine homogenates 
of products, and then to a study of pigment changes in 2mm 
thick tissue slices.
A suitable cell system was developed to hold reconstituted 
slices for ihis purpose. A number of references were pre­
pared so that chemical changes in o.ur test tissue samples
- 100 -
could be examined. We than applied the method to analysing 
pigments in meat tissue that could not be otherwise studied 
by conventional methods.
4.2.2. Pigment Changes in Chicken Blood.
Chicken blood which was diluted one in ten by volume had its 
spectrum run against a water blank as a reference using the 
IJnicam SP800 spectrophotometer.
Selective chemical changes outlined in section (3*20) were 
carried out on /the diluted blood spectra for the different 
- states of the pigment are shown in Fig. (16 and 17)*
These are sufficiently different that they permit the 
differentiation of the various types of haem pigments.
* 4.2.3. To Determine the Reproduc: ability of the Formation of The 
Reduced Haemochrome in the Homogenate of a Meat Sample 
Either at Room Temperature or After Cooling with Liquid 
Nitrogen.
A homogenate of cooked minced pork was prepared and six 
10ml aliquots were taken. The reduced haemochrome(s) were 
prepared by treatment with pyridine and dithionite (3*20) 
held at room temperature for 10 min before spectrophotometric 
analysis by transmission against a blank of untreated 
cooked sample using the cell holder described in section
(3.18.1).
The spectra were determined at room temperature, subsequently 
both the reference and the test samples were cooled with 
liquid nitrogen and the scan repeated!
Although good reproducibility was obtained from samples at
-101- c
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room temperature,(see Table 10) the samples cooled with 
liquid nitrogen gave no identifiable spectra as a result 
of frosting of the slides. Raising the temperature to 5°C 
did in no way improve the resolution of the spectrum as 
suggested by Tappel (1962).
We therefore abandoned the method of examining homogenates 
at low temperatures.
Sample number Absorbance at 550nm of the 
reduced haemochrome at room 
temperature
1 O.96
2 0.96
3 0.94
4 O.96
5 0.98
6 0.98
Table 10 The Reproducibility of the Formation of the Reduced 
Haemochrome in a Meat Homogenate.
The variation between the absorbance of -  0.03 was acceptable 
within experimental error.
.4 • The Examination of the Effect of Hi trite or. the Formation 
of the Reduced Haemochrome in a Homogenate Meat System.
Meat samples were prepared at input nitrite concentrations 
of 0,5»20, and 150 ppm as KaKO^ using the hamburger meat 
system. The samples were cooked at 70°C for 10 min.
They were then homogenised and the reduced haemochrome
-104-
prepared with dithionite and pyridine. The concentration 
of the nitrosyl pigment after cooking was determined 
(Section 3*5)*
The samples were examined against a reference for an homo­
genate of cooked meat on a Cary Stimitzu spectrophotometer 
which is a more sensitive instrument.
Large and clear peaks for the meat homogenate were obtained 
using the Cary instrument and at nitrite concentrations of 
20 ppm and above a third peak at 485nm for the reduced 
haemochrome was also observed, A peak at this wavelength 
was also observed for denatured globin hemichrome in a 
slice and it is suggested that it was due to the oxidation 
of the haem moiety from the ferrous to the ferric form.
The results indicated that although a clear distinction in 
the nitrosyl pigment concentration was obtained using the 
Hornsey technique, the absorbance of the reduced haemochrome 
at 555nm on the Cary instrument did not discriminate between 
the samples prepared with different input nitrite concentra­
tions (Table 11).
As the Cary instrument was not available for these studies, 
it was decided to work with meat slices rather than homo­
genates.
Table 11 Comparisons Between Formation of the 
Nitrosyl Pigment and Reduced Haemo-
Initial nitrite
level
ppm
nitrosyl haem 
ppm
% conversion Absorbance at 
555nm
0 0 0 1.28
5 20 28 1.16
20 34 72 1.06
150 72 96 0.08
Total pigment as acid haematin = 76ppm 
Cooked Meat Samples used throughout.
-105-
4.2,5. The Effect of Hydrogen Peroxide on a Homogenate Meat System
A homogenate of cooked minced pork was used. The test 
sample was prepared by treating the meat tissue homogenate with 
20 vol hydrogen peroxide in the ratio of 1:1 v/v. The 
reference sample was prepared by homogenising the meat with 
deionised water in the same ratio.
The test and reference samples were held at room temperature 
for 30 min by which time the test sample was bleached white. 
This was then examined against the reference on the spectro­
photometer directly and after treatment if subsequent samples 
with dithionite and also with dithionite and pyridine to 
form the haemochrome.
No distinct spectrum of the hydrogen peroxide treated sample 
was obtained and treatment with dithionite or dithionite 
and pyridine had no effect which showed that the pigment 
had broken down to beyond metmyoglobin.
This information was useful in the development of reference 
samples for examining meat slices by transmission spectro­
photometry.
4*2.6. The Optimum Thickness of Slices for Transmission Spectro­
photometry.
Commercially cooked pork was sliced at positions 1,2,4,6,7
- 106 -
and 18 on the Parnell bacon slicer.
Sections of the tissue at each of these positions were 
treated with dithionite and pyridine for 10 min to form 
the reduced haemochrome and these were examined against 
a reference slice of untreated tissue also cut at the same 
position (Table 12)*
Position of bacon slices Absorbance of peak at 550nm
1 .20
2 .25
3 .40
4 .80
6 .52
7 .20
18 .02
Table 12 Absorbance of the Kaemochrome at 550nm in Slices
of Different Thickness,
At slicing positions 1 to 3» the amount of haem pigment 
contained in the slice- was the limiting factor, while at 
positions 6,7 and 18 the thickness of the slices was the 
limiting factor.
Position 4 gave slices, of optimum thickness and further 
work was done with slices which were 2nm thick.
4.2.7. To Determine the Rerroduc:ability of the Srectra of Paeon 
using the Reconstituted Cell System.
Pour samples of macerated bacon tissue from the same batch 
were used to reconstitute 2.0mm thick slices and these were 
examined against a reference sample of the same tissue
-107-
macerated and bleached with hydrogen peroxide. The peak 
at 575nm for nitrosylmyoglobin was examined and the results 
are tabulated in (Table 13).
Sample Number Absorbance at 575nm
1 0.36
2 0.35
3 O.36
4-' 0.36
Table 13 Absorbance at 575nm for Bacon Samples Reconstituted 
into 2mm Slices
The results indicated excellent reproducibility of the 
operation.
4.2.8. The Comparison of Spectra of Meat Extracts and Slices
The tissue extracts were prepared by the method in section
(3.17.2), using both beef and pork samples, and were run 
against a water reference.
The slices were prepared from minced pork by the hamburger 
method. Cooked sections were examined against a hydrogen 
peroxide bleached reference » raw against a reference slice 
from which haem pigments had been extracted with acetone/ 
acid/water.
The chemical conversions of the pigments were brought about 
by methods outlined in section (3.20).
Typical spectra from these samples are outlined in (?ig 
18-22).
- 108 -
Fig. 18 shows a typical spectrum of oxymyoglobin in an 
aqueous extract of minced pork, in comparison with a slice 
of raw pork exposed to air for 5-10min. The spectrum was 
characterised by two sharp peaks at 543-545 and 580nm.
The reduced myoglobin spectrum resulted from a pork extract 
treated with dithionite. A raw pork slice held in a vacuum 
pack had a peak at 550nm in the extract and this was often 
•plateau-like1 and displaced in between 550 and 560nm.(Fig.
The spectrum of metmyoglobin (Fig. 20) formed in a raw pork 
slice and its extract was prepared with ferricyanide. Two 
small and indistinct peaks occurring at about 502 and 630nm 
were observed in pork extracts. In beef tissue slices, which 
contained more pigment, two large distinct peaks with maxi­
mum at 505 and 635nm were obtained.
Nitrosylmyoglobin (Fig. 21) had two peaks at 5^7 and 575nm 
in the extract. The peaks were less sharp than those of 
oxymyoglobin and the minimum between the two peaks was less 
well defined. In slices the spectrum was less distinct and 
the two peaks often a plateau. The sharpness of the spectrum 
increased with higher levels of pigment in the meat.
Fig, 22 shows the typical snectrum of heated perk. The cured 
sample gave a cooked denatured nitrosylmyoglobin spectrum 
which was unaffected by treatment with dithionite while the 
cocked uncured sample had a spectrum(?ig. 23)which did not 
compare well with that for metmyoglobin as in (tig. l6.)« In 
further treatment with dithionite a spectrum for the reduced 
haemochrome was obtained on reaction of dithionite with 
natural bases present in the meat tissue obviously made more 
accessible by the cooking process.
-109-
Furthermore work is required to evaluate the spectrum of 
denatured globin haemochrome. Tappel(l957) had described 
the pigment of cooked meat as a denatured globin haemochrome. 
The spectrum had two main peaks, a small but fairly sharp 
peak occurring between 545 and 548nm and a less distinct 
small broad peak at about 650nm.
In addition, there was a shoulder at 575-580nm, the intensity 
of which varied with different meats.
A summary of the main peaks obtained with a comparison between 
pork extracts and slices is given in (Table 14).
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?or3 of pigment Source iain
(na)
peak position Comments
Gxynyc globin pork extract 
raw pork 
slice
543
545
530
580
sharp peaks
Reduced myoglobin pork extract 
raw pork 
slice
550
520 550-60 
(shoulder)
asymmetric peak 
plateau like
Me tmyoglobin pork extract 
raw pork 
slice
beef extract
502
500
305
630
630
635
rounded indistinct 
peak
large distinct peaks
Nitrosylmyoglobin pork extract 
raw cured, 
pork 3lice
547
545-
575
50 575
2 peaks sometimes 
form plateau
Dehydrated pork 
haemochrome
cooked pork 
slice tr.eate 
with dithio­
nite
i
533 561 sharp peaks
Denatured globin 
haemochrome
cooked pork 
slice 545
(shoulder)
575-30,645 small rounded peaks
Denatured HoMV cooked cured 483 548-50,572 rounded peaks
Table 14 . Summary of Main Peaks of Spectra of Extracts and 
Slices (450-700nm)«
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4.2.9* To Determine 'Whether the Spectrum of Denatured Globin 
Saemichrome was a Mixed Spectrum.
Experimental results (4.2.8) showed that the spectrum of 
metmyoglobin was quite different from the spectrum obtained 
by examining a slice of cooked uncured meat,
For this purpose a hamburger type raw pork sample was pre­
pared and vacuum packed (3*2.3).
The samples were cooked for 10min at 70° and 90°and slices 
of the tissue were examined against a hydrogen peroxide 
bleached reference on the spectrophotometer.
Slices from the two temperatures of cooking gave the same 
spectrum which suggested that all the haem pigment was in 
the oxidised form and further cooking led to no further 
oxidation.
Treatment with dithionite gave identical spectrum of the 
denatured globin haemochrome at both temperatures.
Carbonmonoxide had no effect on the pigments* however, in 
the presence of dithionite, carbon monoxide reacted with 
the tissue to form carbonylmyoglobin at both test tempera­
ture conditions.
Thus all the evidence strongly suggested that the spectrum 
(Pig. 23) was that of denatured globin haemochrome.
4*2.10. The Determination of the Amount of Pigment in the Nitrosyl 
Form from a Mixed Spectrum Using the Dithionite Nicotina­
mide Haemochrome for Differentiation.
An attempt was made to quantify the amount of pigment present
-118-
as nitrosylmyoglobin in a meat tissue sample with pigment 
in both nitrosyl- and met- forms.
The pigment in the nitrosyl form would not react with 
dithionite and nicotinamide to give a reduced haemochrome, 
while the element present in met— reduced or oxy— forms 
would form the haemochrome.
After treatment with dithionite and nicotinamide a mixed 
spectrum was obtained from the sample where some of the 
pigment was in the nitrosyl form. The conversion of the 
pigment to the reduced haemochrome from a sample not cured 
with nitrite was used to quantify the nitrosylmyoglobin, 
see (Fig. 24).
Nicotinamide was used in preference to pyridine as a base 
because there was no need for storing it over sodium 
hydroxide, and from our earlier studies there was a possi­
bility that the excess alkali would denature protein.
The hamburger type meat samples were prepared at input 
nitrite concentrations of 0,10,50 and 100ppm as NaNOg- 
(Section 3-2.3 - 5-2.4)-
The reduced haemochrome was prepared by immersing slices 
in duplicate in a beaker containing 50ml of deionised 
water, 1g of nicotinamide and 2 spatulas (approximately 50mg) 
of sodium dithionite for periods of 1h and 4h. The samples 
were analysed against a reference slice of cooked uncured 
tissue bleached with hydrogen peroxide.
The nitrosyl was determined by the method of Hornsey (1959) 
and the results tabulated in (Table 15)-
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Initial nitrosyl % conversion absorbance for % conversion
nitrite pigment using the NOMb after
(ppm) (ppm) Hornsey 1 hr* 4k. * 1h * 4h *
as NaN0o as acid technique
haematin
0 0 0 •092 #098 0 0
10 34.8 58 .125 .12 65 60
50 40.6 68 .125 .14 65 70
100 55.1 92 .18 .187 90 94
ible 15 Comnarison of th<= Nitrosyl Pigment Determined by the Method of Hornsey
and Transmission Spectrophotometry Using the Reduced Haemochrome.
* The reduced haemochrome absorbance was 0.2 units when 
100% of the pigment was in the nitrosyl form.
4.2.11. Td Compare Different References, for the Examination of 
Bacon in Slices.
Commercial bacon was sliced at position 4 on the bacon 
slicer and cooked in vacuum pouches for 10 min at 70°C.
Slices of the tissue were examined on the Unicam SP 800 
spectrophotometer against an attenuator (A=1.8) as the 
reference (Pig. 25) curve (A). The difference spectrum 
obtained by examining the same test sample against a slice 
of the tissue bleached with hydrogen peroxide gave a similar 
curve to that obtained using the attenuator (Pig. 25) curve 
(b). Curve (c) shows a spectrum of a bacon slice examined 
against a slice extracted with aqueous acetone to 
selectively remove the nitrosyl pigment. This was useful
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o
700500 600
Wavelength (nm)
A - Attenuator Supplied with Spectrophotometer 
B - Similar Slice Blea'ched with Hydrogen Peroxide 
C - Similar Slice Extracted with Aqueous Acetone
Pig. 25 Difference Spectra of Sliced Bacon With Reference to 
A , B and C.
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if the peak due to nitrosyl myoglobin was to be resolved 
more clearly as a peak at 575nm rather than a plateau 
absorbance.
All three references were successfully used to determine 
the spectrum of the bacon tissue by transmission spectro­
photometry.
4*2.12. Variation of Haem Pigment Composition with Sodium Nitrite in 
Simulated.Canned Ham*.
Canned ham was prepared with 0-20ppm sodium nitrite. At the 
lower end of the range the products were predominantly 
brown in appearance whilst the two highest nitrite concen­
trations were sufficient to produce the acceptable cured 
pink colour.
As was apparent from Fig. 26 the improvement in colour 
which was noted in the products as the input nitrite 
concentration increased was accompanied by changes in their 
difference spectra with reference to the sample in which 
no nitrite was added. In particular the small peak around 
555nm which was noted in the samples prepared with 2.0 and 
5.0ppm nitrite was not apparent in those containing 15 and 
20ppm nitrite.
At 10ppm and above a peak at 570nm was more prominent which 
could be ascribed to the nitrosyl form of myoglobin. Both 
peaks were apparent in the spectrum of the products contain­
ing the intermediate nitrite concentration of 10ppm. A 
plot of the absorbance of the peaks at 570nm (with 
reference to that at 6l0-620nm as a base line) against 
the input nitrite level was approximately linear up to 
15ppm sodium nitrite (Fig. 27) and was paralleled closely 
by the determination of nitrosyl myoglobin by the Hornsey
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Fig-
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' Wlavelength 'fnm)
Difference Spectra of Slices of Canned Ham Prepared 
With Input Nitrite Levels of A) 2,0, B) 5«0« C) 10T0, 
D) 13.0 and 5) 20.0 ppm With Reference to a Similar 
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procedure, By both techniques the availability of haem in 
the nitrosyl form was less at an input nitrite level of 
20ppm than at 15ppm. This was probably due to variation 
in the meat tissue from one sample to another.
Since the total haem pigment of the tissue employed was 
64ppm as acid haematin its maximum conversion to the 
desirable nitrosyl form was only 27% in the presence of 
the low nitrite levels employed.
4.2.13. Summary and Discussion of the Spectral Analysis of Haem 
Proteins in Tissue by Transmission Spectrophotometry.
It has been possible to make spectrophotometric evaluations 
of the different forms of haem pigments which combine to 
make up the colour of cured meat in slices without the prior 
necessity for their extraction, ^or this purpose, selective 
chemical changes have been developed to differentiate between 
the various forms of haem pigments especially nitrosylmyo- 
globin and oxymyoglobin, which have very similar spectral 
characteristics. This differentiation is possible by virtue 
of the fact that oxymyoglobin combines with carbon monoxide 
to form the carbonyl derivative whilst nitrosylmyoglobin 
remains unaffected. Furthermore nitrosylmyoglobin does 
not undergo the formation of the carbonyl derivative even 
in the presence of sodium dithionite, neither does it react 
with dithonite and a base to form the reduced haemochrome 
in the manner of oxy- and metmyoglobin.
In order to obtain the spectra, a number of different re­
ferences have been tested of which that of the nitrosyl 
pigment selectively extracted with acetone from a slice 
has been useful for better resolution of nitrosylmyoglobin.
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Generally a hydrogen peroxide bleached slice has proved to 
be a good reference for examining cooked tissue while an 
acetone/acid/water extracted reference is better for raw 
meat tissue analysis.
The spectra from 2.0mm thick tissue slices compared well 
with those obtained from both aqueous extracts of meat and 
blood samples.
Results from the study of homogenates were satisfactory.
We attempted to improve the resolution of haem pigments 
in homogenates by low temperature spectral analysis were 
unsuccessful, and encountered interference as a result 
of condensation on the glass slides.
Both cell holder systems, one for carrying a sample of the 
homogenate and the other holding a reconstituted sample 
of tissue in the form of a slice, were suitable for their 
purpose and allowed for superficial discolouration problems 
to be examined.
As the position of the detachable glass slides in the cell 
holder could be changed by moving the slides, we could 
examine tissue at various path lengths.
Direct transmission spectrophotometry of tissue allowed for 
the haem pigments of tissue samples with low input nitrite 
levels of 5-20ppm as sodium nitrite to be successfully 
differentiated.
The metmyoglobin spectrum in cooked uncured tissue did not 
resemble that from an aqueous extract of the pigment by 
transmission spectrophotometry, and the change may be due 
to denaturation and coagulation of protein.
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Attempts to quantify the nitrosyl pigment using the nicotin­
amide haemochrome compared well with the Hornsey (1956) 
technique.
4.3* Examination of Discolouration Problems in Meat Tissue
4.3*1. Introduction
The methods developed have been applied to some discolouration 
problems in meat samples which could not otherwise be examined 
by conventional methods.
In addition the conventional methods of nitrite and nitrosyl 
pigment determination were also carried out to verify and 
support our conclusions.
4.3-2. To Determine the Effect of Fading on the Composition of Haem 
Pigments.
After exposure overnight to light from a fluorescent tube in 
a cabinet at 5°C the colour of 2mm thick slices of ham, 
wrapped in ceUpphane had degenerated to a distasteful brown.
Difference spectra obtained between a slice of unfaded ham 
with reference to a similar faded specimen consisted princi­
pally of a broad peak close to 577nm showing that nitrosyl­
myoglobin has been formed using the Hornsey (1956) method.
The control ham sample contained 55ppm sodium nitrite
and the content of the nitrosyl pigment was found to drop from
41 ppm in the control to 15ppni (both as acid haematin) in
the faded sample. The peak shown in (Fig. 28) for unfaded
ham with reference to a faded sample represented a loss of
nitrosyl haem of approximately 10.5ppm as acid haematin
from the 2.0mm slice.
As the spectral characteristics of the faded ham were not 
well pronounced, the reduced haemochrome derivative of both 
the test and control sample was prepared using sodium 
dithionite and pyridine. Fig. 29 illustrates the spectrum 
for the haemochrome which had two peaks at 555nm and 525nm. 
Upon the basis of the absorbance at the longer wavelength, 
a 30% increase in the oxidised form of the haem pigment 
had occurred as a result of fading.
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Fig. 29 Pyridine Haemochromogens Obtained From Haem Pigments In Situ 
in Unfaded and Faded Ham Slices.
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4•5•5• The Differentiation of Haem Pigments in Normal and Discoloured
Cooked Turkey Breast Meat.
The spectral characteristics of the haem pigments contained 
in areas of turkey breast meat of an acceptable ’off white1 
appearance have been determined as well as those in areas 
with unsatisfactory pink appearance, in order to attempt to 
provide an explanation for the appearance of the latter.
The difference spectra of such pink areas with reference to 
a more typical ’off white' area consisted of a relatively 
broad peak around 577nm with sometimes an additional shoulder 
close to 550nm, as illustrated in (Fig. 30) for two samples 
varying in pinkness on visual inspection.
Such spectra would be anticipated if the discoloured material 
contained more of its haem pigment in either the nitrosyl 
or the oxymyoglobin forms. Any nitrite present as a cause of 
the discolouration was only in amounts below the limit of 
detection by conventional methods (approximately 0.1 ppm).
In order to obtain further information on the pigment 
composition difference spectra were recorded for each type 
of tissue treated with the reducing agent dithionite with 
reference to an unchanged slice in each instance. The 
acceptable white tissue gave a curve with double peaks 
at about 555 a^d 524nm (Fig. 31) of a typical haemo­
chrome between the haem pigment in the reduced condition 
and a basic compound present in the meat.
Following the addition of pyridine as well as dithionite 
the double peaks were enlarged and made sharper by formation 
of the reduced pyridine haemochrome (Fig. 31). No typical 
haemochrome spectra was observed when the discoloured pink 
area was treated with dithionite (Fig. 32). Instead a broad 
peak was obtained which could be explained by the preferential
More pink ^
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Fig. 30 Difference Spectra of Discoloured Pink Slices of Turkey Breast 
Meat With Reference to Normal 'Off-White' Meat.
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Fig. 52 Difference Spectra of Pyridine Haemochromogens Formed With 
and Without Pyridine In Situ in Pink Discoloured Turkey 
Breast Meat With Reference to the Unchanged Original Meat.
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conversion of a small amount of haem pigment into its 
nitrosylmyoglobin form in the presence of a local low 
concentration of nitrite when dithionite had been added.
In the presence of both dithionite and pyridine, however,, 
a typical haemochrome spectrum was obtained with somewhat 
smaller peaks than those of the corresponding curve related 
to the acceptable 'off white1 meat.
In neither case, however, was significant haemochrome formed 
with pyridine without the addition of dithionite, which 
precludes the availability in either of myoglobin and/or 
haemoglobin in the oxy- state. This was not surprising in 
view of the prior cooking of the turkey breast. For this 
particular example, it was concluded therefore, that part 
of the haem pigment of the pink tissue had been converted 
into the nitrosylmyoglobin as a result of very small localised 
concentrations of nitrite and/or oxides of nitrogen probably 
produced microbiologically from nitrate, from flue gases 
in the preparation plant. The remainder of the pigment in 
the pink tissue was in the metmyoglobin or oxidised form.
No form of haem pigment other than the metmyoglobin was 
detected in the 'off white' acceptable meat.
4.3.4. The Evaluation of Haem Pigments in Discoloured Chicken Flesh 
Using the Ilew Cell System.
The new cell system was used to examine cooked chicken
tissue which had distasteful red areas in proximity to the
bones and the blood vessels. Some of the blood vessels
were, in fact obviously ruptured. The pigments in these
unacceptable red areas were compared spectrophotometrically 
with those in normal off white tissue.
As was observed from (Fig. 33) the spectrum of normal off
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white tissue (curve A) did not show any characteristic 
features whereas that of the pink discoloured tissue 
(curve MB) showed a peak and a shoulder in the region of 
535 and 575nm respectively. These peaks were intensified 
and shifted slightly on treatment of the pink discoloured 
tissue with carbon monoxide (curve C), the same treatment 
of the normal off white tissue did not alter its spectrum.
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Fig. 33 Spectra Obtained from Cooked Chicken Samples Using 
New Cells Constructed to Permit the Reforming of
Tissue to 2mm Thickness.
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When treated with the dithionite, both normal off white 
and the discoloured tissue gave a double peak at 530nm 
and 555nm in the spectrum in the visible region which 
was considered to provide evidence of the formation of a 
haemochrome with naturally occuring bases with the iron 
atoms in the ferrous condition. The addition of pyridine 
led to these peaks becoming more enlarged and intensified 
due to formation of reduced pyridine haemochrome. The mean 
optical densities of the peak of the pyridine haemochrome 
of the off white and the pink chicken tissues were O.64 
and 1.8 respectively. It is important to ensure that Beer's 
law is obeyed, so that the relationship between optical 
density and concentration is nearly linear. This can be 
achieved in transmission spectrophotometry through tissues 
by having available spacers with a range of thickness so as 
to reduce the effective path length where large concentra­
tions of haem pigments are encountered in meat products.
There was more haem pigment in the pink discoloured chicken 
meat. It is concluded therefore that the discolouration 
was associated with excess haem pigment in the red oxy­
genated form, probably consisting principally of haemoglobin 
arising from capillary fragility in the proximity to the 
bone. No explanation can be advanced for the susceptibility 
of the pink tissue to oxidize on storage in air and light 
other than the suggestion that oxygen tension in the tissues 
was reduced to values at which rapid spontaneous conversion 
to the met- forms of the haem pigments occurred.
4-•3•5• The Differentiation of Qxy- and Nitrosylmyoglobin in a 
Discoloured Cooked Chicken Roll.
As the spectra of oxy- and nitrosylmyoglobin are too similar 
for their differentiation by direct spectrophotometry, it
-1 36-
is necessary to take advantage of their different reacti­
vities to identify them.
The treatment of reformed chicken roll sections from both 
the discoloured pink and the normal off white areas with 
dithionite and pyridine gave products with spectra comprising 
of two peaks 528 and 555nm typical of a haemochrome and 
without any appreciable difference between the two.
The formation of a haemochrome would be expected from both 
oxy- and metmyoglobin but not from nitrosylmyoglobin.
The treatment of the pink discoloured tissue with carbon 
monoxide gave a spectrum (Fig. 34) typical of that of the 
carboxy derivative of myoglobin whilst no similar change 
in spectrum was noted for the normal off white tissue.
Neither nitrosyl- nor metmyoglobin would be expected to 
complex with carbon monoxide and it is therefore concluded 
that the pink discolouration was due to the haem pigment 
in the oxygenated condition possibly as a result of in­
complete protein denaturation during processing.
In confirmation the pigments of the pink area resisted 
cleavage in a solution of aqueous acetone as would be 
expected for the cured meat pigment nitrosylmyoglobin.
Furthermore much of the pink discolouration was eliminated 
during cooking for 15 mins at 70°C in a vacuum pack under 
which conditions the oxidation of ^wpglobin would have 
occurred. If the pink discolouration had been due to 
nitrosylmyoglobin it would have remained stable to the 
heating process or even increased in intensity in the 
presence of residual nitrite.
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Fig. 34 Spectra of Discoloured Cooked Chicken Roll Before (A) 
and After (B) Treatment with Carbon KonoxideT
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• 3• 6• The Study of G;reen Pigments in the Skin of Cooked Turkeys.
Samples of cooked turkey with green areas on the skin were 
received. Examination of a slice of the skin against a 
reference slice bleached with hydrogen peroxide showed that 
the pigment(s) of the •green* skin had no distinct spectrum 
in the visible region and no absorption in the Soret region.
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Although the pigments of the off white skin had no distin­
guishable spectrum in the visible range, absorption was 
evident in the Soret region with a peak at 40 ^ ^  correspo­
nding to that of metmyoglobin (Fig. 35)* The lack of 
distinguishable peaks at higher wavelengths ;was probably 
due to the very small amount of haem pigment present in 
skin*
Treatment of the skins with dithionite and pyridine gave 
a peak in the Soret region for the reduced haemochrome 
of myoglobin for the off white tissue at 428nm (Fig. 35)» 
and no peak foi^  the green tissue.
From the previous experiments on the action of hydrogen 
peroxide on homogenates of muscle tissue it seems that the 
greening results from oxidation of the haem protein to 
beyond the met- form and to bile pigments which do not 
have a peak in the Soret region.
|
4•3•7* Discussion I
The determination of haem pigment by transmission spectro­
photometry has proved to be useful for differentiating 
and identifying successfully the cause of the discolouration
problems in a number of tissues samples. j —
: I! I
With selective chemical changes to the various forms of 
haem pigment, it has been possible to obtain evidence for 
their composition and thus to identify the causes of the 
discolouration*
4.4* To Determine Whether a Transitional Greying Occurred at .
50°- 55°C During the Cooking of the lye Muscle of Back Bacon.
- 1 4 1  -
4.4*1. Introduction
Workers such as Ranken et al (1972) had reported a tran­
sitional greying during the frying of bacon at 50-55°C. 
They believed that the nitric oxide group possibly dis­
sociated from the haem moiety before reattaching itself 
to form a more stable cured colour.
In fact, Tarladgis suggested that the subsequent
formation of a red pigment following the greying results 
from the attachment of two nitric oxide groups to the 
myoglobin to stabilise the cookedscured colour.
Thus the eye muscle of back bacon was heat processed in 
three different ways and attempts were made to study any 
transitional greying by transmission spectrophotometry.
4.4.2, Use of the Gardner Colorimeter to Study the Colour of the 
Eye Muscle of Back Bacon.
The samples were prepared and cooked by the method outlined 
in section (3*3) •
. Bacon samples with input nitrite concentrations of 50PP® 
and 150ppm as sodium nitrite were examined on the Gardner 
XL-10A colorimeter as described in section (3*9). The 1 A ’ 
elsewhere value for the degree of redness is reported. The 
results are tabulated in (Table 17).
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Input nitrite
(ppm sodium nitrite) RT 50 55
Temperature
56 60
( ° c )
62 65 70
50 5.6 6 .0 7 .5 11.5 6 .8 14.1 13 .4 14 .0
150 5.6 7 .6 7 .6 11.5 13.0 15.8 16 .0
16.8
Table 1$b Average ,A» Values on the Gardner Colorimeter for Bacon Cured at 
50 and 150upm Input Nitrite.
RT = Room temperature
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4.4*3* The Formation of Nitrosyl Pigment in the Eye Huscle of Back 
3acon During Cooking as Determined by the Hornsey Method,
The samples were prepared at input nitrite levels of 50 
and 150ppm as NaNO^ and subsequently cooked as described 
in section (3*3)*
The determinations of nitrosyl and total haem pigments were 
made by using the Hornsey technique on samples in duplicate. 
The results have been averaged and tabulated in (Table 16).
4*4*4* The use of Transmission Spectrophotometry in- Studying the 
Formation of the Nitrosyl Pigment During Cooking of the 
Eye Muscle of Back Bacon.
The samples were prepared and cooked by the methods outlined 
in section (3*3»1)*
Samples with an input nitrite concentration of 50 and 150 
ppm were examined in the form of 2mm thick slices against !
a reference slice of cooked uncured back pork bleached with |
hydrogen peroxide at 575n*&* j
. • / ; ! 
On visual examination of the samples, grey patches were more 
evident at the lower nitrite concentration of 50ppm, and this 
grey discolouration was never uniform in any sample. ~1 j
The pink colour of raw bacon was different from that of the 
cooked bacon samples as was evident on visual examination. 
Nevertheless the Gardner colorimeter was unable to distinguish 
between the two red colours but indicated a fall in red at 
60°C in the sample cured at the lower nitrite concentration.
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This reduction in redness was not supported by our 
quantitative estimations of the nitrosyl pigment by the 
two different methods in which only a gradual increase in 
the pigment concentration with temperature was noted at 
both nitrite levels,
Lyle (1977) has examined a wide range of commercially 
prepared luncheon meat samples and found the (A) 
value in the Gardner colorimeter to vary from 6.7 to 
13.4 over which all samples had an acceptable pink colour 
on visual examination.
It was noted that the(A) value was sensitive to slight'variations 
over the surface of the sample. Such variations were caused 
mainly by pieces of connective tissue,
4*4*5* The development of Nitrosylmyoglobin Luring the Cooking of 
Bacon Slices in Situ.
The .samples were prepared and cooked in a thermostatically 
controlled water bath from room temperature to 70°C as 
outlined in section 3*3*4*
; / i i
i \ !
■ > !
. At the same time, 2mm thick sections of the eye muscle of
Ibacon prepared with input sodium nitrite concentrations of 
20, 75» 100 and 150ppm were cooked in pouches in the Unicam 
SP 800 spectrophotometer. !
The results obtained for the absorbance of the samples at 
575nm from the two methods of cooking are reported in 
Pig. 36 and Pig. 37*
Pig. 36 shows the changes observed in the spectrum of the 
pigments contained in the eye muscle of a slice of bacon as
-146-
the temperature was raised within the spectrophotometer 
cell block. An increase in the absorbance at 575nm was noted 
with reference to a similar meat sample which had been prepared 
using brine of the same composition but omitting the nitrite. 
This was ascribed to the development of nitrosylmyoglobin on 
cooking.
i
~
Fig. 36 shows the relationship of the optical density; at i 
575*tm of similar bacon slices exposed to a range of I /,'I j
temperatures from ambient to 70 C. v y
Appreciable variation was noted from one sample to another 
with the same nominal nitrite concentration. In no case, 
however was a decrease in the amount of the cured meat 
pigment noted within the temperature range of 55° to 70°C, 
though discontinuities in the rate of increase of optical 
density at 575nm were observed in most cases above the 
temperature of 70°C.
It was noted that the increase in optical density at 575nm 
of cooked cured meat pigment with temperature were greater 
at nitrite levels of about 70ppm and 110ppm than at either 
13~20ppm or 156ppm sodium nitrite, as is shown in Fig. 38 .
4*4*6. Summary and Ciscussion
Cooking the slices of eye muscle at the temperature of 
interest for 10min and cooking in liquid nitrogen lead to 
non-uniformity in colour and as a result, the cooking method 
in situ (Fig. 36) was adopted.
In no case was the transitional greying well defined and the 
contention was not supported by results obtained from the
determination of the nitrosyl pigment. The greying may 
have been due to a change in opacity of the meat tissue as 
a result of protein coagulation during the cooking process 
and not due to a fall in the nitrosyl pigment content of 
sample.
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56 Changes in Spectrum During the Cooking of a Bacon Slice 
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Fig. 57 Increases in Optical Density at 575 nm of Bacon Slices 
Heated in a Thermostatically Controlled Water Bath to
Temperatures Over the Range Room Temperature (RT) To 
70 °C.
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Pig. J>8. Relationship of Nitrite Concentration to Increase in 
Optical Density at 573 nm of Bacon Slices With
Temperature Over Range 53 ~ 10°C »
(Rate of Increase of Temperature 1°C Per Minute)
->f It was found that the determination
of the nitrosyl pigment by transmission spectrometry was 
sensitive enough to follow the rate of the formation even 
in very small sections of the tissue. The results obtained 
indicated that the rate of formation of nitrosylmyoglobin 
was greater at initial sodium nitrite concentrations of
I ;
71-J3pp^ and 110-113ppm than at either 13-20ppm,jwhere the 
nitrite concentration was a limiting factor, or at 1;5 6 ppm 
where the excess nitrite could actually oxidise the haem/ 
pigment. ; /
i ; 7
A Model System Study on the Formation and Stability of 
Nitrosylmyoglobin Using Cysteine Hydrochloride and 
Reduced Glutathione. !
Introduction*
It was necessary to establish the effect of the simple 
sulphydryl groups on the formation and stability of the 
nitrosyl pigment before any work with sulphydryl groups 
using meat systems bould be attempted. The nitrite 
concentrations used were in the range of 10-50ppm as NaNO^. 
Model systems were set up as in section 3*10.
All systems studied were examined on five occasions and 
the results averaged. This was necessary to overcome any 
variation between batches of both metmyoglobin and the 
sulphydryl reagent.
A Model System Study to Determine the Effects of the 
Sulphydryl Compounds.Cysteine and .Reduced Glutathione on 
Formation of Nitrosylmyoglobin.
The effect of the simple sulphydryl group^such as reduced 
glutathione and cysteine>at the 1OmM level on the formation
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of the nitrosyl pigment has been examined at low sodium 
nitrite levels of 10,50 and 50ppm.
This level of sulphydryl group was representative of those 
in meat according to Hoffmann and Hamm (19&5) who showed 
that levels of 28mM and above of sulphydryl compounds in 
meai tissue were typical.
The samples were prepared at each nitrite level by the
method outlined in section 3*10 and the pigment form­
ation was determined over a pH range of 5*4 to 7 and over 
a temperature range of room temperature (RT) to 70°C, The 
samples were incubated at the desired temperature for 30min 
before being examined using the TJnicam SP800 spectrophoto­
meter against a water blank as a reference and also against 
a reference with the haem pigment in the nitrosyl form.
All spectra were run in duplicate and the pigment conversions 
expressed as a percentage. Thus 100% indicated a complete 
conversion of the pigment to nitrosylmyoglobin.
The results were tabulated in Tables 17,18 and 19 •
The control samples without sulphydryl groups showed no 
conversion of the pigment to nitrosylmyoglobin, at the
three nitrite concentrations used.
At room temperature nitrosylmyoglobin occurred predominantly 
at pH5.4, where the concentration of undissociated nitrous 
acid is appreciable. (Table 17 and 19).
As the temperature is increased precipitation was noted 
in. some samples at pH5«4 and although the pigment could 
not be quantified its formation was shown after dissolving
-1.53-
the precipitate with a few drops of a 1M sodium Hydroxide 
solution. The control samples contained a brown precipitate 
which on dissolving gave a spectrum typical of metmyoglobin 
whilst the test samples showed the spectrum characteristics 
of nitrosylmyoglobin.
j \
I -
- i  -
/'
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Table 17 Percentage Formation' of Nitrosylmyoglobin in the
Presence of Reduced Glutathione (10ml) at Nitrite
Concentrationgof 10,30 and 50ppm.
PH TEMPERATURERoom Temp.CRT) 50UC 60°C 70°C_
5.4 30 45 43 ppt
6.0 1 5 21 40
6.4 1 10 32 51
7.0 3 25 45 71
ppt= precipitate formed 
(A) 10ppm sodium nitrite
PH
TEMPERATURE
Room Temp. (RT) 50UC 60UC 70UC _
5.4 46 51 ppt ppt
6.0 1 5 25 * 32
6.4 2 11 25 43
7.0 8 32 51 70
(B) 50ppni sodium nitrite
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pH TEMPERATURE
Room temp. (RT) 5 0°c 60°C 70°C
5.4 
6.0
6.4 
7.0
/
/
/
56
5
6 
6
56
15
20
20
85
25
25
45
8.75
35
46
80
( O  50ppiD sodium nitrite
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Table 18 Percentage Formation of Kitrosylmyoglobin in
the Presence of-Cysteine Hydrochloride (1OmM)
at Nitrite Concentrations of 10, 50 and 50ppm.
pH TEMPERATURE
Room temp. CRT) .ji o c o 60°C 70°n
5.4 50 52 67 ppt
6.0 5 44 67 85
6.4 5 59 70 95
7.0 17 72 77 93
(A) 10ppm sodium nitrite
pH TEMPERATURERoom temp. (RT) 50UC __ 60UC 70°C _ .
5.4 53 55 ppt ppt
6.0 10 43 62.5 92
6.4 17.5 60 75,0 95
7.0 17.5 70 82.5 95
(B) 30ppm sodium nitrite
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pH TEMPERATURE
.Room temp. Tr t ) 50°C 60°0. 70°n
5.4 56 56 ppt ppt
6.0 18.5 22 70 92
6.4 20 60 72 92
7.0 20 70 90 95
(c) 5Qppm sodium nitrite
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Table 19 Percentage•Formation of .Nitrosylmyoglobin in the
Presence of Cysteine Hydrochloride (1.0mM) at a
Nitrite Concentration of 10ppm.
pH
TEKP-HATTTflT? .
Hoorn temp- fHT). RO°n 6n°n 7n°C -
5.4 i 0 0 12 ppt
_  6.0 j I 0 5 12 5
6.4 ! 0 8 12 5
7.0 ; 0 28 28 5
i \ /
' /
4.5.3. The Effect of Cysteine Hydrochloride and Reduced Glutathione 
(lOmM) on the Stability of Nitrosylmyoglobin.
The samples were prepared at sodium nitrite concentrations 
of 10, 20, 30 and 50ppm as NaNO^ (see section 3*10.4). 
Controls with no added sulphydryl compounds were run over 
the same temperature and pH range for comparison.
The results were tabulated as percentage breakdown of the 
nitrosyl pigment where 100% indicated total breakdown 
(Tables 20, 21, 22 and 23).
The nitrosyl pigment was unstable at higher temperatures 
and often a precipitate occurred at. pH 5.4. This precipitate 
was found to be present as nitrosylmyoglobin, especially 
at the higher nitrite concentrations. The higher nitrite 
concentrations of 30 and 50ppm stabilised the nitrosyl- 
pigment at temperatures above 50°C and over the pH range of 
5.4 to 7.0 (Table 20).
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Table 20 Stability of Nitrosylmyoglobin at Sodium Nitrite 
Concentrations 10,20,30 &nd 50ppm.
100 = Total breakdown of nitrosylmyoglobin in 
30 min.
pH Temperature
Room temp. ('RT') 50°C 60°n 70°C
5.4 0 58 ppt ppt
-  6.0 0 75 100 100
6.4 0 0 100 100
7.0 0 0 100 100
(A) 10ppm sodium nitrite
pH
Temperature
Boom +pTnpr Rn°n £n°p __ nn°n
5.4 0 50 100 100
6.0 0 75 100 100
6.4 0 0 100 100
7.0 0 0 100 100
(B) 20ppm sodium nitrite
- 160—
pH TEMPERATURE
Room temp. (RT) 50°C 60°C 70°0
5.4 0 45 94 100
-6.0 0 15 56 100
6.4 0 0 0 94
7.0 0 0 0 52
(c) 30ppm sodium nitrite
pH
TEMPERATURE
Room temp. (RT) 50°c 60°n 7non
5.4 0 0 ppt ppt
6.0 0 0 50 100
6.4 0 0 0 65
7.0 0 0 0 0
(D) 50ppm sodium nitrite
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Table 21 Stability of Nitrosylmyoglobin at Sodium Nitrite
Concentrations of 10,20,50 and 50ppm in the Presence 
of Reduced Glutathione (IQmM).
PH
TEMPERATURE . ■ ■
Room temp. (RT) 50~c 60'"'C 70WC
5.4 0 0 ppt PPt
6.0 0 0 100 100
6.4 0 0 0 70
7.0 0 0 0 0
(A) 10ppip sodium nitrite
pH
"WiFEM'I'UkE
Room temp. (RT) o o o 60°C 70^0
5.4 0 0 PPt pot
6.0 0 0 0 100 .
6.4 0 0 0 50
7.0 0 0 0 0
—
(B) 20ppn sodium nitrite
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pH TEMPERATURE
Room temp. (RT) 50°C 600c 70°C
5.4 0 0 ppt ppt
6.0 0 0 0 100
6.4 0 0 0 31
7.0 0 0 0 0
(C) 50ppm sodium nitrite
pH
TEMPERATURE
Room terno. CRT) 50°C 60°C -0 0 0 0
5.4 0 0 ppt ppt
6.0 0 0 0 0
6.4 0 0 0 0
7.0 0 0 r\
■
(D) ^Oppm sodium nitrite
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pH TEMPERATURE
Room terno. (RT) 50°C 6o°o 70°C
5.4 0 44 62 ppt
6.0 0 0 0 0
6.4 0 0 25 25-
7.0 0 0 25 65
Table. 22 Stability of Nitrosylmyoglobin at a Sodium
Nitrite Concentration of 1Oppm in the Presence 
of Cysteine Hydrochloride (lOmM).
pH TEMPERATURERoom temp. (RT) 50°C 60 °C 70°C
5.4 0 0 ppt ppt
6.0 0 0 100 1 00
6.4 0 0 100 1 00
7.0 0 0 1 00 100
Table 25 Stability of Nitrosylmyoglobin at a Sodium
ITjtrite Concentration of 10ppm in the Presence 
of Reduced Glutathione (l.OmM).
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4.5*4. Summary and Discussion
Reducing agents such as reduced glutathione and cysteine are
required for the formation of the nitrosyl pigment from
metmyoglobin and nitrite.
At room temperature the formation of the nitrosyl pigment 
occurred in the presence of the sulphydryl compounds at pH5.4* 
This was in agreement with the propositions of Hoffmann and 
Hamm (19&7) who had shown that reduced glutathione reacted 
with nitrite at an acid pH, which could enhance the formation 
of undissociated nitrous acid and this could then react with the 
reduced myoglobin to form nitrosylmyoglobin. Precipitation 
was noted at pH value of 5*4 a-t the higher temperatures of 
60-70°C. Our method of dissolving the precipitated pigment 
by treating with sodium hydroxide before analysis showed that 
at this pH the pigment was in the nitrosyl form. Pox (1966) 
indicated that throughout the pH range below 7 the iron 
moiety would be more accessible to the reducing groups as the 
cleft in the tertiary structure of the myoglobin molecule 
would open up due to protein aenaturation. This would also 
explain why cysteine was more effective in bringing about the 
formation of the nitrosyl pigment than glutathione by virtue 
of the size of its molecule. Nearly 100V; conversion of 
metmyoglobin to nitrosyl myoglobin was obtained using cysteine 
at the highest pH and temperature values (Tables 17 16).
At a 1m?' concentration of the sulphydryl compound no improve­
ment in the formation or stability of the cured pigment was 
observed (Tables 21 and 25). At the 10m?’: level, however, both- 
cysteine and reduced glutathione influenced the formation and 
stability of thenitrosyl pigment. This effect, was most 
marked at higher pH values and temperatures.
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Cysteine hydrochloride did not ensure the same stability of 
the nitrosyl pigment as was achieved with reduced glutathione. 
This could have been due to reduced susceptibility of the 
commercial sample of cysteine hydrochloride to oxidation 
both at higher temperatures and pH values (Table 25 & 24).
As the sulphydryl groups were present in a great excess to 
to the haem pigment or nitrite, the study of the fate 
of the sulphydryl reagent in the model system would be of 
interest. Nevertheless the marked improvement in both 
stability and formation of nitrosylmyoglobin with cysteine 
hydrochloride and reduced glutathione at a level of 10mM 
in the presence of low nitrite concentrations of 10-50ppm 
showed that sulphydryl groups are capable of playing an 
important part in the curing process.
1mM reduced glutathione concentration had no effect on 
nitrosyl pigment formation.
4*6. The Colorimetric Determination of Sulphydryl Groups Using 
5, 5f - Dithiobis (2-Nitrobenzoic Acid) (DTNB).
£.6.1. Introduction
Ellmar.'s reagent, section (3*11)» was applied to determine the
fate of the sulphydryl groups added to our samples in the model 
system stability studies in order to explain why glutathione 
was better ax stabilising nitrosylmyoglobin than cysteine 
hydrochloride.
4*6.2. The Reproducibility of Determination of Cysteine and Reduced 
Glutathione in Solution with DTN3.
Stock solutions of reduced glutathione and cysteine hydro­
chloride at concentrations of 0.30K were prepared in
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deionised water* Three separate concentrations of each 
sulphydryl compound were examined with DTNB in Sorensen*8 
"buffer at pH8. (3*1 *3) with metmyoglobin at a level of 
1mg/l0ml in the final solution (Table 24).
It was found that the colorimetric determination of the 
sulphydryl groups was suitable for samples containing 
reduced glutathione but cysteine was more susceptible 
to oxidation at the .higher pH range of 8.0 and could 
not be determined satisfactorily.
The presence of myoglobin did not interfere with the 
estimations, which is in agreement with findings of Ellman
(1959).
Sulphydryl compounds 
examined
Concentration'of 
sulphydryl compound 
(mK)
Concentration of 
found using DTNB
SE compounds 
(mK)
Reduced glutathione 0.030
- NetKb I
0.05C
+ MetKb 
0.031
Reduced glutathione 0.075 0.075 'J  4 -'J ‘ I
Reduced glutathione u«1 >. O “! fV « i —. U « s j
Cysteine hydrochloride n  rxn ^y r \ C"' " ft /">, r  * r-\S « ! 'w‘
Cysxeine. hydrochioride 0.075 L * W tO ^ W # ^ >
Cysteine hydrochloride 00 5'.' 0 • 0 L r - / V « - —
Met Kb = n e tmyoglobin
Table 24* Sulphydryl Compound Deterir.ina.ilor. with DrNB ir. the 
Presence and Absence of Myoglobin*
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4*6.3* The Effect of Myoglobin and Nitrite on the Determination of 
Reduced Glutathione Over a pH Range 5*4 - 7«0«
As cysteine hydrochloride was susceptible to oxidation at 
pH8, which is the pH necessary for the interaction of 
DTNB with sulphydryl compounds, these experiments were 
carried out using reduced glutathione.
The samples were prepared as indicated in section 3»40.1. The 
effect of given concentration of metmyoglobin in the presence of 
1OmM nitrite over a pH range of 5*4 to 7*0 on the determination 
of glutathione using DTNB was studied after 30min incubation 
at room temperature.
Although myoglobin did not interfere with the determination 
of added sulphydryl compound, the presence of nitrite led 
to a fall in the recovery of glutathione by 18-2C$. This 
was particularly marked at pH 5*4» where one would expect 
a greater availability of undissociated nitrous acid and, 
in the presence of glutathione, greater formation of the 
nitrosyl pigment (Table 25).
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4.6.4* The Effect of Nitrite Concentration on the Determination of 
Reduced Glutathione in the Presence of Metmyoglobin.
The fate of a 10mM concentration of reduced glutathione 
added was determined at two nitrite concentrations of 
10 and 200ppm as described in section 3*10.1. The effects 
of pH and temperature on the fate of the reduced glutathione 
at their nitrite concentrations were also determined.
No appreciable depletion of the sulphydryl compounds was 
observed on increasing the nitrite concentration to 200ppm 
(Table 26). This result would be expected as the concentration 
of the sulphydryl component was well in excess of those of 
both metmyoglobin and nitrite added to the model systems.
There was a tendency for a greater depletion of the glutathione 
at the higher temperatures of 60-70°C which was more notice­
able over the lower pH range of 5*4 to 6, at which undissociated 
nitrous acid formation would be favoured. However, in the five 
separate runs carried out this phenomenon was not always clearly 
apparent, possibly due to the higher pH of 8.0 to which the samples 
were adjusted using Sorensen's buffer before the addition of 
DTNB. This would ensure reaction with DTNB but would often 
lead to oxidation of the sulphydryl compound, particularly 
for samples containing cysteine hydrochloride (Table 25).
Similar studies on the fate of reduced glutathione in a 
model system study with nitrite and metmyoglobin and sodium 
dithionite were unsuccessful as the sulphydryl-based by­
products of the oxidation of sodium dithionite, which was
used to form nitrosyl pigment (3*10.3) interfered with the 
determination using DTNB by reacting with sulphur compounds
to give a bright yellow dye which interfered with the actual
sulphydryl group determination.
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4.6.5. The Determination of the Sulphydryl Content of Cured Meat 
Samples at Input Nitrite Concentrations of 10 and 200ppm.
This experiment was designed to show whether an increase 
in nitrite level would effect the concentration of native 
sulphydryl groups within the meat. Phosphate buffer or 
urea can be used to extract the sulphydryl compounds from the 
meat tissue and, using DTNB, we can examine whether any 
effect of nitrite was marked on either the free or the 
bound sulphydryl groups (3.11.2).
In the meat samples cured with sodium nitrite at levels 
of 10 and 200ppm, the fate of the sulphydryl groups 
was examined 48hr after the curing process (3•3•3) on 
both cooked and faded samples of tissue at the above 
nitrite levels.
The fading process was accelerated by covering the samples 
in cellophane rather than vacuum pack before fading.
Table 27 showed that there was a general fall in the 
content of sulphydryl groups in meat samples on cooking. 
Furthermore, this could be explained by the greater 
utilization of sulphydryl groups to form the cured pigment 
on cooking, and sulphydryl groups would also be used up to 
maintain the cured'colour in the presence of residual 
nitrite in faded meat samples.
There was no apparent fall in the nitrite content of cooked 
and faded samples.
The sulphydryl contents at the two nitrite concentrations 
were not appreciably different but during the cooking and 
fading process the fall in the bound sulphydryl component 
was more noticeable.
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Table 26 The Fate of Reduced Glutathione (lOrnM) in a Model 
System Study on the Formation of Nitrosylmyoglobin 
at Two Nitrite Concentrations.
pH CONCENTRATION OF GSH(mM) at
RT 50°c 60°C 70°c
5.4 8 . 6 9.0 9.0 8 . 8
6 . 0 8 .2 9.0 ■9.0 8 . 8
6.4 9.0 9.0 8.1 8 . 8
7.0
. '
8 . 6 9.° 9.1 8 . 2
(A) 10ppm sodium nitrite
pH CONCENTRATION OF GSK(mM) at
RT 50°C 60°C .
/*>
7T,V ^
5.4 s . 7 7.6 3.2 8.2
6 . 0 Q 1 7. ! 7.6 6.5
6.4 ■ O 'y * Q 1y * 1 8.2 9 *
7.0 9.6 O  / y » tr e . e ^ *
(3 ) 2Q0ppn sodium nitrite
RT= room temperature 
GSE= reduced glutathione
RA
W 
(A
)
T
o
t
a
l
 
S
H
 
c
o
n
t
e
n
t
 
(
m
M
) 1 vo ^  co 
• • •
vO t—  vo
KCO -P
G CD '*? CO
<D • • •
G -p  S CM K"\ KY
? f3 B
o ---
m  o
w  -p
CO ft ^ CO t- O
© s • • •
© -p S tc\ K\
0) ft — "
ft o
fft O
c
o
*H
©
ft
© O  r- t-
*> trv itn
G
O
o
NPO'-.
C 6
O G)
•H CTj
-p ^
g i—i <" *
•P i>> E
ft to ft o  t—  c-
© O P. K> NY
O k " —
G -p
O -ft
O ft
ft
-P
■H
ft ft
O *P
•ft *H
-P ft
©
£ vo o
-P © O. O  CD LTV
ft ft ft • T—
g> «d CNJ
O -ft
G K
O ©
O ft
©
-P
G -H
O ft
-ft 4s
-P -ft
© G "“n
ft E
■PH Pi o  o  o
G © ft T- O
© *H CV)
O -P
G -H
o G
O -ft
E
ft
f to
O
CM
'd
G©
O
T_
©
-P
•ft
ft
-P
•ft
&
X
-P
*d
©
ft
ft
O
©
©
r-I
ft
E
©
CO
-p
©
©
£
G
•ft
©
f t
ft
O
ft
u
rft
>aft
rG
JG
f t
ift
p
CO
c
>
-ft
-p
©
2 *
c
■ft c
o 2
c l
© 2
-p
© co­
Cl, ed
r—
cv
© T—I &
©
£-*
Co
ok
ed
 
(b
)
z'J?-
To
ta
l 
SH
 
co
nt
e
n
t
 
(m
M)
i on m  to • • •
m  K\ OJ
-w
CO PC ^ O O
T) (!) S vo f— O
C P E * • •pi C — o o oO O
50 O
ft -P
CO o\ co in0) g • • •
CD P E W W WO C'—'
P oO
p .oP
CO
PCD o CTs VO
> in vo
cOo
C Eo o*H n3
■p ,Pc6 :k
Pi i—i ^ s
P EC E P C m  ccCD O P- \r 'C'
G Pi -—
C PO P •
O p
G-4-5
•r-i
P PiC P•H P
P pc£
Pi—1 E inP ct p. c • co
P P P- r-C TO '—O P
p co
O CD
O P
CDP
C PO PP P
P -H
P P
P ^
p P E o o op P P< T- O
CD P P* CVJO P  ^
P P
O PO P .
ccG
Pc
t;
c
c
c
puc
o
«•<
*
Co
ok
ed
 
Fa
de
d 
(c
)
-  * / 4“
co
<6
po
EH
UA 
. •
CV] CM
W
CO
d
2O
PQ
£
6
O ■ •
O
vo o
o
W
CO
0)
<DU
do
P
ro
d0)
>
d
o
o
E
c Eo a>
*H d
P d
CC *
d r"H "N
P >s E
d K ft
CD O ft
o d -— ^
c p
o •r-t
c d
d
CD
•r-l
d
o P
p ft
p d
d p E
P cr! ft
d d a
CD TJ v_<■
a P
d w
o CD
o d
CD
P
d P
o d
p p
p p
GJ d
d c—V
p P  6
d d  ft
CD p  f t
O p  w
d  P
O d
O p
LTV o• • •
CM CM CM
o Ov K~V
CM
trv co 
O  •
d
oft
o
ou
do
o
oo
CM
*
-175-
4.6.6. Summary and Biscussion
The colo ;.rimetric determination of sulphydryl groups in 
solution was adequate for estimating the concentration 
of reduced glutathione. However, the method was not 
suitable for examining cysteine which was susceptible to 
oxidation at pH 8.0. The model system studies were limited 
to examining the fate of reduced glutathione during the 
formation of nitrosylmyoglobin because of interference by 
the products of oxidation of dithonite in the spectrophoto- 
metric method using DTNB, which was necessary for our 
stability studies.
In the meat systems used a fall was noted in the total 
sulphydryl component on cooking which was not in agreement 
with the findings of Randall and Bratzler (1970) who had 
observed an increase in the total sdlphydryl content under 
similar conditions. They attributed this increase to the 
release of sulphydryl groups during cooking. They also 
noted an increase in pH of the meat during the cooking 
process but no change in pH was observed in these studies.
A loss of sulphydryl groups could be explained by the fact 
that they would be used to maintain the level of cured 
pigment in cooked samples and those subjected tc fading.
The results obtained on cooking would support this, 
suggestion. However, no change in nitrite content with 
fading was observed in these studies which does not agree 
with the above hypothesis.
It was interesting to note that thejhigher nitrite 
concentration of 200ppm did not lead to oxidation of the 
sulphydryl muscle groups either in solution or in tissue.
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Although BTNB was a very sensitive reagent for the deter­
mination of sulphydryl groups, it was not always suitable 
in the experimental systems employed. It was noted that 
the colour reaction between DTNB and sulphydryl groups 
increased in intensity if allowed to stand at room tempera­
ture for longer than five mins. As it was not always 
practical to examine our samples immediately, it was 
necessary to use a more suitable method for our study.
Hamm and Hoffmann (1965) had shown an increase in sulphy-. 
dryl groups on cooking if the groups were estimated using 
N-ethylmaleimide (NEM). However, when determined by the 
amperometric titration no such increase occurred.
4*7• The Amperometric Determination of Sulphydryl Groups.
4.7•1 Introduction
The amperometric technique for sulphydryl determination 
was recommended by Hoffmann ana Hamm (1978) as being the 
most reliable. The use of the tris(hydrcxymethyl.amino- 
methane buffer in the system prevented interference from 
curing salts and amino acids in meat systems.
Hoffmann and Hamm (1965), in their earlier .work, had 
developed a double indirect technique for sulphydryl group 
determination in meat tissue. Furthermore, colorimetric 
determination could also be carried out in conjunction with 
the amperometric procedure to permit a greater variety of 
reaction conditions, Hoffmann (1971 )•
The amperometric method using titration with silver nitrate 
was applied to the determination of sulphydryl groups in
-177-
solution and in meat tissue by the methods outlined in 
sections (3*12)*
4*7*2 The Variability of the Amperometric Technique in Titration of 
Sulphydryl Compounds.
Reduced glutathione reacts with silver nitrate on an 
equimolar basis^Hoffmann and Hamm (1965)* Results from 
5*0ml of a 1.0mM solution of reduced glutathione in tris 
buffer at pH 7*4 titrated with a 1.0mM solution of silver 
nitrate (3*12.2) from five separate runs are tabulated ; 
below (Table 28).
Run
No.
Volume of 1.0mM 
reduced glutathione
ml
Volume of 1.0mK 
silver nitrate 
solution for 
titration 
ml
1 5*0 4.75
2 5.0 5.05
3 5.0 4.55
4 5.0 4.80
5 5.0 / O R
Silver nitrate combines with sulphydryl groups in the ratio 
of 1:1 and results from our experiments indicated xhat the 
average volume of the silver nitrate solution used was 
4.82ml which was well within experimental error.
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4*7*3 The Variability of the Amperometric Double Indirect Method 
for the Determination of Sulphydryl Groups when Applied to 
Meat Tissue.
The amperometric titration was used to examine 25nig portions 
of meat. It was noted that it was not often easy to take 
representative 25mg portions of meat- for examination 
especially where raw meat tissue was concerned as water 
would have been lost from the sample during the weighing 
process. A comparison was therefore made between the 
weighing of meat and a method which involved preparing a 
slurry of the meat containing 250mg of tissue in 10ml of 
deionised water. Table 29 and JO. show-' the results 
obtained in titrations with 1.0mM silver nitrate.
Prom both methods of sampling the average for taking meat 
sample directly was equal to 2.65</tmoles/lOOmg of tissue 
while using the slurry it was 2.6l/*moles/l00mg of tissue.
Thus the two methods of sampling gave similar results and 
the mean value for the sulphydryl content of this particular 
sample of meat was 2.64/‘’inoles for 100mg of the tissue.
The second method of sampling was preferred as it minimised 
any evaporation of water from the meat tissue and there­
fore was adopted for the subsequent analysis of meat tissue.
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4*7*4 The Amperometric Determination of the Sulphydryl Group 
Content of a Cared Meat Sample.
Although Hoffmann (1970) had showed that salts like sodium
nitrite and sodium chloride had no effect on sulphydryl
-4group in concentrations of up to M» it was necessary
to establish whether the salts present in a cured meat 
sample would interfere with the determination of the 
sulphydryl groups.
Raw back pork was cured at a sodium nitrite concentration 
of 150ppm by the slice cure method outlined (Section 3*2.1).
A sample of thev uncured meat tissue was compared with the 
- one treated with sodium chloride alone and a sample cured 
with sodium nitrite and sodium chloride.
Sodium chloride had no effect on the sulphydryl content of 
the meat sample (Table 3"0 while the presence of sodium 
nitrite led to a 8% fall in the sulphydryl content of the 
sample. However, analysis of four different cured samples 
showed sulphydryl contents which compared well with each 
other , (Table 3 0 *  average variation in estimating
the sulphydryl concentration in meat protein was i 0.4 yu 
moles/g of protein.
4*7*5 The Effect of Nitrite on the Sulphydryl Content of CurecL. 
Meat.
It was apparent from the model system studies using simple 
sulphydryl compounds such as reduced glutathione and 
cysteine that they both stabilized, and were involved'in 
the formation of, the cured pigment. It was therefore 
of interest to examine the fate of sulphydryl groups. 
in meat products cured with: nitrite at different levels 
and then subsequent effects of cooking and fading.
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The experiments were carried out using lean minced^ pork 
cured with sodium nitrite at levels of 10 and 200ppm,
(3.3.3) on two different batches of meat, (Tables 32a & b).
The samples were cooked at J 0 ° C  f o r  10 mins and those to 
be subjected to fading were removed from their vacruim packs 
and covered with cellophane to observe the effect of 
accelerated fading for 6 h at 5 C°in a fading cabinet.
All experimental runs were carried out in duplicate:, and 
results expressed a3 /U moles/g of protein. Nitrite and 
nitrosylmyoglobin determinations were also carried out on 
both the raw and cooked samples.
The nitrosyl pigment values compared well with those 
obtained in earlier studies. However, it was noticeable 
that adverse fading conditions did not Effect the nitrite 
concentration which would have been expected especially at 
the nitrite concentration of 1Oppm where the residual 
nitrite content is low, j
/ , •
There was no significant difference between sulphydryl 
contents of meat samples cured with 10 or 200ppm of input 
nitrite. As both the nitrite concentrations were in excess 
of the sulphydryl content of meat determined by Hoffmann**' 
and Mirna (1$ 6 9 ) it was of interest that the higher nitrite 
level of 200ppm did not oxidise the native: sulphydryl 
groups in meat, (Table 32a 4b),
Cooking generally led to an average increase of 30% in the 
sulphydryl content of meat samples, under fading conditions 
there was an average fall of 15%*
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4*7*6 Summary and discussion
The amperometric technique for determination of sulphydryl 
compounds such as glutathione was not only accurate bpt 
also reliable for the analysis of such groups in solution 
and the double indirect titration method was entirely 
suitable for their determination in meat. Curing salts 
such as sodium chloride and sodium nitrite did not inter­
fere with the amperometric analysis and good agreement 
between duplicate determination in meat samples was 
obtained.
The effect of two different nitrite levels on the sulphy­
dryl groups in meat has been studied. No significant 
change in the sulphydryl content of samples cured with 
nitrite was noted. Furthermore, the higher nitrite concen­
tration did 'not lead to the oxidation of sulphydryl groups 
in the meat sample (Table 32). This was suprising as one 
would expect sulphydryl groups to be involved in either 
reducing sodium nitrite to nitric oxide or for maintaining 
myoglobin in the reduced state. Ranken jet al (1972) had 
shown an increase in the nitrosyl pigment with cooking, 
whilst under adverse fading conditions a fall in nitrosyl 
pigment occurred. The level of cured pigment was however 
maintained in samples with excess nitrite under these 
conditions^; probably, by further reduction of the nitrite 
to nitric oxide.
Watts et al: (1955) ha£ indicated that sulphydryl groups 
would be involved as reducing agents in the stability of 
the cured colour. A 15% fall in the sulphydryl content 
of faded samples was noted in these studies but even after 
fading it did not ever fall below the concentration of 
these groups as estimated in the raw meat tissue. This 
suggests that there may be an equilibrium concentration 
maintained between those available for reaction and those
-187-
bound to meat protein.
The cooking of meat samples led to an increase in the 
sulphydryl content by 30%•
This increase in the level of sulphydryl groups was 
probably due to release of bound groups as a result of 
protein denaturation on cooking (Randall and Bratzler 1970). 
Hoffmann and Hamm (19&5) shown using silver nitrate
that an estimation of the total sulphydryl content in meat 
samples could be made and cooking did not lead to an 
increase in sulphydryl content estimated amperometrically.
This was not in agreement with our findings (Fig. 32a & b).
Hoffmann and Hamm (19&5) had heated the samples for 30 mins 
at 70°C and had reported that heating to 110°-120°C led to 
a fall in the sulphydryl content due to oxidation. The 
cooking condition employed in our studies were for 10 mins 
at 70°C under vacuum. The reducing atmosphere probably 
prevented sulphydryl group oxidation to S-S groups and 
this could explain the 30% increase noted in the sulphydryl 
content of the treated samples.
The sulphydryl groups found amperometrically may play a 
part in maintaining the cured colour in faded cooked meat 
samples. However, there was no significant utilisation of 
these groups in the initial formation of the cured pigment 
of both 10 and 200ppm of input nitrite.
Hoffmann and Kirna (1969) suggested that an intermediate 
S-nitrosothiol could be formed between sulphydryl groups and nitrite 
which being unstable, would donate its nitrosyl group to reduce 
myoglobin:-
-188-
RSH + HONO---- — ^ R-S-K0+H20
(S-Nitrosu thiol)
+ Mb
MbNO
(Nitrosylmyoglobin)
It may be that sulphydryl groups bound to peptides could
undergo a similar reaction and as we could not estimate
these groups using amperometric titration with silver
nitrite their role in cured colour formation and stability could
not be analysed, and would explain why no significant
change is noted in the sulphydryl content of our meat
tissue subjected to curing and subsequent fading.
4*8 Comparison Between Methods for Sulphydryl Group Determination.
4.8.1 Introduction
Harrap and Gruen (1971) used a silver ion electrode to 
determine sulphydryl groups in solution and suggested that 
the method was suitable for determining them in protein.
The silver electrode was used to determine sulphydryl groups 
in solution and in meat tissue prepared for analysis Section 
(5. 12).
Tris buffer at pH 7.4 vas used. This might affect the 
silver electrode activity but was essential to allow for a 
preferential reaction between sulphydryl groups and silver 
ions, especially in meat systems containing other compounds 
such as histidine residues3 .Benesch et al .(1955). Hoffmann 
(1978).
-189-
.8.2 Determination of Sulphydryl Groups in Solution Using the 
Ion Selective Electrode.
Silver nitrate witld react with pure sulphydryl groups on 
an equimolar basis and in order to examine if this was 
true 5*0ml of a 1.0mM solution of either cysteine hydro­
chloride or reduced glutathione in this buffer at pH 7»4 
was titrated against a 1mM solution of silver nitrate using 
an ion selective electrode.
Four separate runs were carried out for each sulphydryl 
group and Table 33 presents the results which showed that 
the initial run for both these sulphydryl reagents gave a 
higher SH group value than for the subsequent determinations. 
This was probably due to the adjustment of the electrode to 
the tris buffer. As a results, the standard deviation was 
calculated for these experiments excluding the first run.
The results indicated that the method compared well with 
the amperometric titration and was suitable for examining 
sulphydryl groups in solution, (Table 34)•
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4*8.3 Comparison of the Methods for Determining the Sulphydryl 
Content of Meat Tissue
Back pork was cured with sodium nitrite at 150ppm by the 
slice curing technique. The samples were held for 48 h at 
5°C before being analysed.
Three separate 25mg portions of the minced meat were pre­
pared for analysis by the procedure outlined in section 
(3*12.3)« In order to confirm the results the analysis was 
repeated on a new batch of back pork meat.
Whilst there was good agreement between the three runs for 
each batch of meat analysed by the amperometric titration 
thiB was not true for the same samples analysed using the 
silver electrode# (Table 35)*
The results did not agree well with those obtained by the 
amperometric method and the first run gave results different 
from the subsequent two which may have been due to the 
adjustment of the ion selective electrode to the tris buffer, 
(Table 35).
Sample
number
Sulphydryl determination 
3y amperometric titratior 
moles/lOOmg protein
Determination of sul­
phydryl groups using 
silver electrodes 
mole/lOOng protein
Batch I Batch II Batch I Batch II
1 3.2 1.92 2.56 4.4
2 3.36 1.76 -3.44 5.36
3 3.28 1.76 3.76 3.32
Table 55. Comparisons of the Method for Sulphydryl Group
Determination Technique on Raw Cured Keat Sample.
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4*8.4 Summary and Discussion
The ion selective electrode could "be used to determine 
sulphydryl groups in solution.
In order however, to determine this concentration from meat 
tissue, an amperometric run in the same meat sample would 
have to be carried out.
Taking these factors into consideration there was no 
practical advantage in using the silver electrode, than the 
better recognised amperometric method for sulphydryl group 
determination.
4*9 Analysis of Heat Samples Cured with Salts Containing Low 
Nitrite Levels and an Equimolar Amount of Sulphydryl 
Compound.
4.9*1 Introduction
The model system studies had indicated that sulphydryl 
compounds such as cysteine and reduced glutathione would 
both assist in the formation and stability of the cured 
pigment. No substantial change in the native sulphydryl 
content of meat samples cured with sodium nitrite at 10 
and 200ppm had been noted using the amperometric technique, 
however a fall in the sulphydryl content of faded cooked 
meat samples was observed, which may be due to a reaction 
of the sulphydryl groups with nitrite or the myoglobin to 
maintain the cured pigment.
Hoffmann and Hamm (1978) had indicated that sulphydryl 
groups such as those mentioned above were naturally avail- 
ble in muscle tissue and it was therefore of interest to 
study the effect of such groups, especially at low nitrite 
levels of 5 - 50ppm. At such low levels much of the
•-199-
nitrite added could be lost' in other reactions with amines 
and phenols and less of it would be available to convert 
the myoglobin into the cured pigment.
Therefore, the effects of the addition of cysteine and of 
glutathione on raw, cooked and cocked faded meat samples 
were examined.
4.9.2 The Effect of Added Sulphydryl Groups on the Eate of Nitrite 
in Cured Meat Samples
Lean minced pork was cured with cysteine hydrochloride or 
reduced glutathione on a equimolar basis at sodium nitrite 
levels of 5» 10 and 50ppm by methods outlined in section
(3.3.3).
After preparation, some of-the samples were heated at 70°C 
for 10 mins and for each experimental condition the cooked 
samples in duplicate were faded at 5°C for a period of 3 
weeks, see section (3.3*5).
The findings were confirmed by repeating the experiment on 
a different batch of meat. Both nitrite and nitrosyi 
pigment determination were carried out on all raw, cooked 
and cooked faded meat samples.
Cysteine and reduced glutathione enhanced the formation of 
the nitrosyi pigment in both raw and cooked meat, (Table 
36 and 37) shows that the effect of the sulphydryl compounds 
was more marked at 10ppm sodium nitrite and above, and there 
was also a fall in the initial nitrite concentration.
The nitrite content of both control and test samples cured 
with sulphydryl groups did not change appreciably with
- 200-
cooking. Fading led to a general reduction in the nitrite 
level of all samples at the expense of maintaining the 
nitrosyi pigment concentration of that in the cooked meat 
samples, (Tables 38 & 39) indicates that cysteine was more 
effective than reduced glutathione in maintaining the 
nitrosyi pigment especially under the fading conditions.
•9#3« Summary and Discussion
The addition of cysteine hydrochloride and reduced gluta­
thione led to a noticeable fall in the nitrite content of 
samples cured at 10 and 50ppm. This fall in the nitrite 
level was on average 80% and was accompanied by a corres­
ponding increase in the nitrosyi pigment of 20%. Although 
the nitrite level fell in the raw cured samples there was no 
further fall in the nitrite content of the samples on cooking, 
in spite of the fact that an increase in the nitrosylmyoglobin 
content was noted. There was a better utilisation of sodium 
nitrite in the presence of these compounds. This was either 
due to the formation of nitric oxide or to maintaining myoglobin 
in the reduced state,especially at 10ppm of input nitrite.
The molar ratio of myoglobin to nitrite was approximately 
1.1. At 5ppm the residual nitrite level would be a limiting 
factor and consequently the effect of sulphydryl groups was 
less pronounced.
The increase in the percentage conversion to the nitrosyi 
pigment of the sample cured with sulphydryl reagents was 
maintained on cooking, without an appreciable change in 
nitrite levels which suggested the formation of a complex 
between nitrite and other compounds which would render the 
bound nitrite unavailable for estimation using Griess 
reagents. Kirna and Hoffmann (19^9) had suggested the
- 201-
formation of S-nitrosothiols as intermediates to nitrosyl- 
myoglobin formation.
The examination of faded samples showed that in the presence 
of sulphydryl groups the colour of the samples cured using 
5ppm of nitrite was still acceptable while the control had 
faded to an unacceptable brown pigment. There was a fall 
in nitrite level which corresponded with that required for 
the maintenance of the cured colour. The nitrite level 
was found to be appreciably low in samples cured in the 
presence of sulphydryl groups in the raw tissues, which 
therefore indicated that there were two factors which 
could influence colour stability on fading. One factor 
was the initial percentage conversion of the pigment to the 
cured colour and not the residual nitrite level and secondly 
the presence of nitrite bound in labile compounds such as 
the S-nitrosothiols which are capable of providing nitrite 
for reaction under such adverse conditions.
It was apparent from this study that the addition of sulphy­
dryl compounds with sodium nitrite enhanced both the for­
mation and stability of the cured pigment especially at 
low nitrite concentrations over the range 5 to 50ppm.
Workers like Watt jet a l (1955) had suggested that. pH may 
play an important role in the interaction of sulpnydryl group 
with nitrite and our model system studies confirmed this.
It would also be of interest to examine the effect of 
curing meat samples with sulphydryl groups at different 
pH values.
.10 The Effect of S-Nitrosocysteine on the Formation and 
Stability of Nitrosylmyoglobin.
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4*10,1 Introduction
Mirna and Hoffmann (19^9) had postulated that the formation 
of S-nitrosothiols occurred by an interaction of sulphydryl 
groups with nitrous acid.
They suggested that these compounds would readily donate 
their nitric oxide to myoglobin, and therefore were possible 
intermediates in all processes which required nitric oxide . 
for the formation of the nitrosylmyoglobin pigment.
R-SH+HN02 ------- -^RSNO
2Mb+2RSN0 — ------} 2N0Mb+R-S-S-R
It was necessary to study the effect of S-nitrosothiols 
both in solution and in meat systems. For this purpose we 
prepared a pure crystalline sample of the compound. The 
method of Hoffmann and Mirna (19&9) was adopted from which 
a 95 - 100% pure sample of S-nitrocysteine was prepared.
The effects on the formation of the nitrosyi pigment in the 
presence and absence of nitrite at a 10ppm level were 
examined.
Attempts to prepare purified S-nitrosoglutathione were not 
successful possibly because of other groups, such as the 
amide linkage in the reduced glutathione molecule, which 
could undergo nitrosation and therefore lead to impurities 
which would prevent the crystallisation of the S-nitroso 
derivative.
4*10.2 The Determination of the Nitrite Contamination in S-nitroso 
Cysteine Crystals.
It was important to access the amount of nitrite present as 
a contaminant in the preparation of S-nitrosocysteine in
-203-
order that its effect on colour formation could be 
differentiated.
Five sep&rate batches of S-nitrosocysteine were prepared 
by the method outlined in section (3•^4)• The purity of a
1.0mM aqueous solution of the crystals was checked both by
Savilles method (3«14*2) and by the examination of the 
extinction rooeffcient at 335m i (3•^4)-
The purity checks on each batch were done in duplicate
(Table 58a.) and the average percentage contamination in the 
samples was less than 1% •
If 1% was regarded as the maximum level of nitrite present 
as a contaminant it followed (Table 38b), that even at 
concentrations of S-nitrosocysteine of 500ppm the nitrite 
level was not sufficient to produce a uniform cooked cured 
in the meat samples.
Sample Number % Nitrite 
Contamination *
% Purity of 
S-Kitrosccysteine **
1 0.80 95
2 0.50 OR
3 0.90 100
4 0.75 100
5 0.95 100
Table 3®(a) The Determination of the Purity of S-nitroso- 
cysteine Preparations.
Average % nitrite contamination = 0.805-c
-204-
* Determination by the method of Saville and expressed as 
percentage.
** Determined by extinction :coefficient at 335n®*
S-Nitrosocysteine (ppm) Expected Nitrite Concentration ppm
o
 
o
 
: u~\ 5
200 2
100 1
50 0.5
Table 38(b) Level of Nitrite Present in Samples of 
S-nitrosocysteine Assuming a 1% Nitrite 
Contamination.
*10.3 Stability of S-nitrosocysteine Crystals Luring Storage.
Generally crystals of S-nitrosocysteine. were prepared fresh 
in the day for each experimental run. However, seme samples 
of those crystals were dated and stored in the freezer 
compartment of a domestic refrigerator in capped glass tubes 
■covered with foil, their purity was checked from time tc 
time, (See sections and 3.1d,2).
This information was used later in the research programme tc 
establish suitable methods of storage with a view to 
commercial use of the compound in the meat industry.
Two crystal samples were examined, (a ) and (E), which at the
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the time of storage showed 100% purity on examination of 
their extinction coefficient and the initial nitrite 
contamination in sample (a) was 0.90% and in (B) was 0.58%. 
After 104 days of storage sample (a) was still 91% pure. 
While sample (B) examined after 109 days was only 45% pure.
Lean minced pork was cured with both samples at a concen­
tration of 50ppm of S-nitrosocysteine assuming the crystals 
to be 100% pure after the above storage times and the 
results were compared with those from samples cured at 50ppni 
of S-nitrosocysteine in which the concentration of the S- 
nitrosothiol was corrected for loss of purity over the 
period of storage.
In addition, determinations of nitrite and nitrosyi pigment 
were carried out in duplicate on both raw and samples 
cooked at 70°C for 10 mins. The cooking procedure and 
analysis of the samples was carried out 48 h after the 
cure,
Table 59. shows that S-nitrosocysteine crystals were 
capable of acting as curing agents after storage in the 
freezer when the nitrite contamination found was still 
insufficient to produce a uniform cured colour in the 
samples.
The percentage conversion of the pigment to its nitrosyi 
form at a level of S-nitrosocompound of 50ppm compared veil 
with meat samples cured with sodium nitrite at IpOppm.
4*10*4 The Effect of Storage on the Purity of S-nitrosocysteine
A batch of S-nitrosocysteine crystals estimated to be 100% 
pure prepared by the method of Hoffmann and Kirna (19^9)
-207-
was sealed under argon in glass ampoules (3»14*4)*
The ampoules were covered with foil and half were stored at 
room temperature in a capped jar in the dark whilst the 
other half were stored in a similar jar in the freezer 
compartment of a domestic refrigerator.
The samples stored at room temperature were examined for 
purity at weekly intervals while these in the freezer were 
tested at the end of each month for a period of six months.
Both Saville^ method for. purity and the extinction co­
efficient at 335nm were used in examining the crystals^ 
(3.14.1), and (3.14.2). The sealing of the crystals in 
ampoules either at room temperature or in the freezer 
compartment did not result in any appreciable reduction in 
purity over the period examined (Table 40).
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4*10.5 The Effect of S-nitrosocysteine on the Formation of
Nitrosylmyoglobin
A system Bimilar to that used for the determination of the 
effect of sulphydryl groups on the formation of the nitrosyi 
pigment was employed (5*10.2).
Initial experiments were carried out at pH6.Q and the 
effect of equimolar concentrations of sodium nitrite and 
of cysteine hydrochloride was compared with that of 
S-nitrosocysteine at both room temperature and at 70° C.
The effects of the small contaminations of the 
S-nitrosocysteine preparations with nitrite were observed 
in separate runs by using the same concentrations of 
nitrite alone.
S-nitrosocysteine concentrations of 10, 5*0, 1.0, 0.5 and 
0.1mM were employed with metmyoglobin at a level of 46mK.
All samples were prepared in duplicate ana were incubated 
fora period of 30min at either room temperature or at 70°C 
(3*10.2). At the end of the incubation period the samples 
were examined spectrophotometrically against a reference 
of the buffer alone.
Kitrosylme'tmyoglobin was formed as an intermediate. This 
is an unstable form of haem pigment in which the iron 
moiety is in the ferric state (Fe3+). Kitrosylmetmyoglohin 
autoreduces to nitrosylmyoglobin with the iron moiety in 
the ferrous form on heating the sample at 70° C.
The spectra obtained for nitrosylmetmyoglobin and nitrosyl­
myoglobin had been reported by Keilin and Hartree (1937) 
and Walters jet al (19^7)*
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A method of distinguishing between nitrosylmetmyoglobin and 
nitrosylmyoglobin is to bubble oxygen through the solution 
whilst the sample with the iron moiety in the ferric state 
is decomposed to metmyoglobin and the sample with the iron 
in the ferrous form is stable to oxidation.
It was noted (Table 41) that both cysteine hydrochloride 
and sodium nitrite at a concentration of 10mM respectively 
had no effect individually on metmyoglobin under the same 
conditions. However, a mixture of the two at the same 
concentration led to a 10% formation of the nitrosyi 
pigment at room temperature.
Incubation of this sample at 70°C for 30min gave 85% 
nitrosylmyoglobin based on the availability of haem protein.
Equimolar concentrations of cysteine and nitrite each at 
concentrations up to 5eM did not promote the conversion of 
metmyoglobin to nitrosylmyoglobin either at room temperature 
or at 70°C•
- 211-
4*10.6 The Effect of IQaM Cysteine Hydrochloride on the Use of
S-nitrosofcysteine for the Formation of Nitrosyi Myoglobin
The model system used to determine the effect of sulphydryl 
groups on the formation of the nitrosyi pigment was adapted 
so as to study the actions of S-nitrosocysteine at concen­
trations of 10, 5.0, 2.5 and I.OmM.in conjunction with 10mM 
cysteine on the formation of the cured pigment^ (3*10.2). 
As in the previous experiment metmyoglobin was included at 
a level of 46/tm whilst the pH ranged from 5*4 to 7*0 and . 
the temperatures were ambient. Control runs in the absence 
of the sulphydryl compound were also made in 25ml and were 
examined after 30 mins on the Unicam SP800 against a buffer 
solution as the reference^ (3*10*4)*
At pH values of 6.0 and above formation of nitrosyl­
metmyoglobin was noted at S-nitrosocysteine concentrations 
of 2.5, 5*0 and lOmM at room temperature in the absence of 
cysteine hydrochloride. A rise in temperature to 'J0°C led 
to nitrosylmyoglobin formation at all pH values. (Table 
42 b, c and d). Some precipitation of the pigment was 
noted at pH 5*4 at 70°C which if it had occurred in a meat 
sample^would still have provided a red pigment.
In the presence of cysteine hydrochloride as a reducing 
agent S-nitrosocysteine was capable of bringing about the 
formation-of the nitrosyi pigment even at a concentration 
of 1.OmK (Table £2).
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4*10.7* The Curing of Meat Samples with S-nitrocysteine.
The model system used in the earlier study had shown that 
S-nitrosocysteine could convert metmyoglobin to the nitrosyi 
derivative even in the absence of other reducing agents,
Therefore., the effect of S-nitrosocysteine as a curing 
reagent in the minced pork meat system (3*3*3) was studied 
at concentrations of 50> 100, 200 and 500ppm in comparison 
with control samples of meat cured with 10 and TOOppm of 
sodium nitrite.
The determinations of both nitrite and the nitrosyi pigment 
were carried out on duplicate samples and the .results were 
tabulated.
In order to compare the results obtained on curing with S- 
nitrocysteine, the concentration of the S-nitrosothiol was 
expressed in terms of nitric oxide and sodium nitrite as in 
Table 43.
The experiment was repeated on a different batch of meat 
and as the total pigment concentration of both the batches 
was the same the average values for the pigment analysis 
have been tabulated (Table 44 a, b and c).
S-nitrosocysteine noticeably accelerated the rate of curing 
(Table 45a), even at a concentration of 1Oppm which was 
equivalent to only 3PPm of sodium nitrite (Table 44). 
Comparisons between raw samples cured with 25ppm S-nitroso- 
cysteine with those produced using 10ppm sodium nitrite 
showed a 15% increase in the conversion to the nitrosyi 
pigment in the raw samples cured with the S-nitrosocysteine
- 218-
which increased to 18% when cooked and 55% when the samples 
were faded. While the S-nitrosocysteine cured sample even 
on fading maintained a good colour, the nitrite cured 
sample had faded to an undesirable grey colour.
A similar comparison between a sample cured with 200ppm S- 
nitrosocysteine and a 100ppm sodium nitrite cured meat 
sample showed an increase in conversion of the former in 
the rawtissue of 24% which decreased to 10% when cooked, 
there being no difference at all in the nitrosyi pigment 
contents in cooked samples after fading.
It was noted that the residual nitrite content in the 
sample used with S-nitrosocysteine was below 5ppni in the 
raw, cooked and faded form while the residue from 100ppm 
sodium nitrite was 84ppm in the raw which, on average 
showed a 20% reduction on cooking and a further fall on . 
fading although the level of nitrite did not even fall 
below 5ppm as NaNO^*
-219-
•
ft)
d
p
«
p
d ao >!
P 0
P 0
<6 CO
d  ft) 0
P  P d
d P p
ft) d p
O P d
C P 1
O }Z5 • CO
O S O  VO KN
E P 4 KN CM VO KN CM • • <H
p  d Pi W  C\ "ft N  t- CvJ O
d P
ft) *d ft)
H  *0 CO
C3 CO 0
> d
P p
da1 0
W. ' : p
* ‘ p
d
€>
rH
aJ
d
o
P '■ d
P cr
«d
d  ,
p to
d «) d
ft) nd 0
O P p
d H p
o o aJ
o • B ' O  O  O  O d
o O O O O  • • • p
P  P P h t— P  CM r— UN CM t— d
d  d 6)
4) P 0
rH *H d
d tz; 0
i> 0
P
d «
a 1 p
H p
d
p
p
53
E
d
ft) p
d Td
P 0
0 CO
p
K T3
;>> UN VO KN d
0 O  CM VO KN t- O  O cd
0 s • • • • • • •
TO KN r- O  C  O  O  O ft)
O 'd
d p
p K
p O
d■■
CO O
P
d d
0 p
P p
P
cd
d B O O O
p Fk O  O  O  O  UN O •
d Pi UN CM •»- UN CM t- UN KN
«) P
0
d ft)
0 P
0
cfi
£h
U
)
 
R
A
W
•.“ i; v>N r--V-
- 220-
g  i
O  rft G  
P  >•» ft 
O CD fit 
>4 0  0  
©  M  H  P. IjD 
G  ft O  
o  JZ5 r»J o S 
o
^ ■ p
00 o  
O  00 'ON
LTN
xf f- KN 00 
VO VO
G
o
* G ft 
H  iH 4s 
>5 & c6 
o o h 
O  H  ft 
G £)0 G ft O © 
ft >s O 
J25 E G 
o  
, o
00 ON CM
in vo i a in in
VO VO 00 CM
• • ' • •
T- T“ CM VO
r- T- xj- xl-
H  Gft ©
o
O G CO O
oI—1
a) © 
G -P 
*G *h
•H G 
03 -P 
© ft 
Ph fe
O t~- t— UN KN c~—• • • • • •
IA r- r- t r- O CNJ UN
00
E
G
•H
03 © 
O P  
CO ft 
Gft P 
Cd- ft
ft gr.
p
EP,ft
O o  o  o  o
o
o  o
Ic
c:
o
g
p
p  
© cfi 
C G 
•H P  
C G •HP©
E k o 
I >> c 
co o  o 
o
O o o o UN o o
o
UN
o
CV
o UN <M r— UN O  O
ft
©
G
G o' ft 
©
«
G G G 
O ft .G 
G 
G
O
O
G
P
G
O
O
CM
KN
I
CM
CM CM CM CD 
T— Xf-
00 coxj-
©
Gft
©
P
CQ
!>:
O
O
CO
0 
g
-p
T-i
G
1
CO
4=
P
P
S
G
©
i—i
ft
E©
CO
J-5
©
c
p
p
E
tc
© c
E p
© G
© G
O
TO
P •
o xr
© xr
© ©
< r - i
rO
©
(b
) 
co
ok
ed
-221-
1
Pi
1 p
iH -H in
o  O >5-0
09 O o O o
•
t— -d- KN T-
C O rH O o ON ON CO > - KN CVJ VO co
o C P tC T—
o o
•H
•P o  
*H >>
«° 53 E
1
•P
1 O t>D
c €) P ^
1 « Pi *H E
o c P  >4 P
>5
s
rH
>5
to
c
o
o
O
O
P
O
O P
Os»x
O
00
ON
o
o
•
x r•
m
. •
CM
T-
•
KN
•
CO
CO
•
CM
•
tTN
c P  o vo VO vo IfN IT \ CM ■*“ IfN
O *H •H o  *>
P -P <H (0
+» o d 09
•H rH P ltJ  o
S5 •p '*) rH
1
& 1 -p
P o o tc
*H o c P
TJ O P *h  £
O o Pi M  P
w o o O P
I o
o O ---- '
o KN On ■ f- try t— o KN
cfl o  
P  -p
c
o P 09
O •
CO
•
k J-
• • •
O
•
O
• .
o
•
T- IfN
VOT3 •H •H o  «>
•H Pi •P p  09
to -p ft ' 09
c •H Pi Tl O
p JZ -P t  rH
1
1
■P
£ p o t*
1) c P ^
•W o p •H E
TP p p -S4 P
O o o O P
CO o o O -— oc c c O o O c o o o
rH
ft'
o
-p
p
o P tc
c
*H *r-{ -H C €>
-P p -p P- K
-p c£ 09
c •r-t P T9 O
M 52 P C rH
P
1 c-
O c. 1-i
c p ■P
o •H ft E
p t P P- o o o o LTN o c
-p -P -P O o o o o LTN CM r— « o o
•H 09 P IfN CM r” LTN
c
1
>>
o
o
c
CO c
o
o
09
P t
P rH
O & 
rH O £ 
O ft
o  in
iH p p
o -H •H
p P P
-p
>»p ^ M >5 >1
O O P c P P P o o
P o  *H •H •H •H p J-i
C>—  P p P P p o O
u
c c
P  Pm
C
c:
e
c
c
£
t:
Cd
c
<
*
(c
) 
FA
DE
D 
at 
5°C
 
fo
r 
5 
w
ee
ks
.
I I G
G pH "P 
© O
>• P  CQ O 
G O H  
O G G bO 
O O P  o 
ft ft >> 
« S3 S
«sj- CM CM CM if K\ in CM
00 CD CO VO lf\ (\l t- W  CO
Ic I co o ce o
rH o 
>>cq a
O ft H ft» ft O
Ift
O bO 
© G ^  
h ft £ Pi d* ft OOP. O w  OO
U (Q 
O ©
f t  f t  CD 
CQ
r- 00 CO CM t-- VO CM K\ CO• * • • • • • • •
h- IA IA CM \o m  o  vo m
m  m  m  k\ ■»— t- m
ap Td o
S  to  H  © pH
ag
•p'doCD
a) ©
d  -p
Td *H 
•H G 
05 -P  
© f t  
ft
I
-P
o bo
© C ^ N
U ft s
G .* ft O O ft 
O O w  
oGo G 
f t  O 
-P f t
cdU TO
CQ 
©
CO
ca 
o
Z  ft © rH
m
co co co CO vo• • • • • • •
O O  O  O O  O T- co
sG
*H
o
O ttf)
© C /"-nu ft EU X ft
O O ft
CD O  O O --O o o o o
pH ©
cj ft  
ft
oo
-p G ft ft 
•H P  G 
C *p! g “d 
M  2  P  ©
0 p fi E 
G © G f t  
p  p  p  f t  
f t  CO c '—’
c >> ©
1 o  o
CD C
oo
O O O
O O O O
m  CM T-
O  m  O
m  cm r-
m
co
G ©
3  pHO ft ft 
P O Eo aJ
o  CD
>s©g G G ft ft Gft
M >> >> >>
G G © © © G
•H •H G G G f t
f t PH O O pH
*eft
ftco
MD
I!
a
E©
tvft:
■ft•p
ocd
toG
-223-
10.8. The Fate of S-nitrosocysteine in a Meat Tissue.
It has been shown previously that even when S-nitrosocysteine 
was added in excess to myoglobin the residual S-nitrosothiol 
did not break down to sodium nitrite. S-nitrosocysteine 
would be present at an equimolar concentration to myoglobin 
at a concentration of the former of 17ppm.
The excess S-nitrosocysteine could therefore be either 
present in its unchanged form which could be determined 
using Saville's method, or on the other hand, it may have 
undergone a reaction with amines to form E-nitrosoamines..
: There was also a further possibility of its dissociating 
to give nitric oxide and in the presence of oxygen, nitrogen — 
dioxide.
The fate of S-nitrosocysteine was determined in minced pork 
tissue cured at levels of 0, 25, 50 and 150ppm (3*3*3)* Both 
raw and samples cooked at 70°C for 10mins were analysed for 
S-nitrosocysteine by Saville's method adapted for use in a 
meat system as previously described. Samples were run in 
duplicate a control run which involved estimation of sodium - 
nitrite by the Greiss reagents while a further"test run 
contained 2 ,C fy o mercuric-chloride which would have dis­
sociated any nitrite bound with the sulphydryl groups.
Nitrosyl and total pigment estimations were also carried 
out in duplicate.
It was important to establish the concentration of mercuric 
chloride that was adequate to dissociate and allow the 
estimation of the S-nitrosothiol in meat tissue. For this 
purpose, raw pork cured with 150ppm of S-nitrosocysteine 
was used and it was found that 10ml of 2.0^ * mercuric chloride
-224-
solution was adequate for the estimation of S-nitrosocysteine 
(Table 45).
Therefore, samples in the examination of the meat, 10ml of 
2.0^ mercuric chloride was used.
In the experiment, the nitrosyl pigment values compared well 
with those obtained in the earlier experiments. S-nitroso­
cysteine was not present in its unchanged form and it had not 
been broken down to sodium nitrite, the level of nitrite at 
an input level of 150ppm of S-nitrosocysteine was only 20% 
of that expected if dissociation to yield sodium nitrite 
had occurred (Table 46)*
-225-
sample volume of 2,0 
mercuric chloride 
solution 
(ml)
concentration
S-nitrosocysteine
estimated
(ppm)
TOTAL 'nitrite 
concentration 
estimation 
(ppm)
control ' 0 3.0
1 5.0 13.8 16.8
2 10 13,8 16.8
3 20 13.8 • 16.8
■ I
Table 4-5 Estimation of the Concentration of Mercuric Chloride !
Solution Required to Dissociate all of the S- 
nitrosothiol. . ;
ample Initial
S-nitroso­
cysteine
concentration
(ppm)
h
Residual
S-nitroso-
cysteine
concentration
(ppm)
Total
nitrite
concent­
ration
(ppm)
Residual
nitrite
concent­
ration
(ppm)
Nitrosyl-*
myoglobin
concent­
ration
(ppm)
% conversion . 
NOMb
aw 0 0 0 0 0 0
ooked 0 " 0  :' 0 0 0
... o
aw 25 0 2 2 38.2 53
ooked 25 0.50 2.5 2 47.5 66
aw 50 3.3 5.8 2.5 43.2 60
ooked 50 2.5 4.5 2.0 54.7 ' 76
aw 150 11.3 13.8 2.5 56.2 78
ooked 150 CD » o 11.0 2.5 62.6 87
Table 46 The Fate of S-nitrosocysteine in Raw and Cooked Meat 
Samples.
* As acid haematin
A pigment determination was reported after correcting for 
cooking losses.
Total pigment estimated as acid haematin = 72 ppm.
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4*10,9* The Formation of H-nitrosamines in Samples Cured with 
S-nitrosocysteine.
Telling (1962) had reported the formation of N-nitrosamines 
in fried bacon samples cured with sodium nitrite. Residual 
nitrite present during the frying process of bacon led to 
formation of such compounds which had been shown to be
carcinogenic in experimental .'animal s. Therefore, any reduction j
in the input concentration of sodium nitrite used for curing 1
would be beneficial. Thus, the lower levels of S-nitroso­
cysteine required in the curing system could be beneficial ----- ;
in reducing the formation of N-nitrosoamines. ;!
•' ] 
' j
* - i
It had been found that a concentration of S-nitrosocysteine 
in excess of 25ppm was sufficient to interact with the 
myoglobin in meat* The residue was not present as S- 
.nitrosocysteine or nitrite but,according to Dennis, Davies 
and McWeeny (1979),was capable of interaction with secondary 
.amines to form N-nitrosamines•
te v
In order to verify this contention, back pork and collar pork
were cured in slices by the method outlined in section 3.8
at levels of 25*50 and 150ppm.of S-nitrosocysteine, and
compared with preparations cured similarily with sodium
nitrite at 15*50 and 150ppm.
The determination of nitrite and nitrosyl pigment was carried’ 
out on the raw cured samples, before frying the samples at 
340°F in a thermostatically controlled frying pan for deter­
minations of K-nitrosamines using the method of Walters,
Downes, Edwards ahd Smith (1978).
The levels of total volatile N-nitrosamines in samples 
cured with S-nitrosocysteine were less than 1.0 mg/kg {1 ppb)
-227-
in back pork bacon . cured, at 150ppm while the samples cured 
with sodium nitrite at 150ppm contained l6ppb (Table 47)*,'
Results obtained on back bacon cured with S-nitrosocysteine 
in duplicate compared well. However, a small variation in 
residual nitrite was noted in different slices of the tissue 
cured by the slice curing method.
Collar bacon showed an increase in N-nitrosamines level and
} ■>" i ■ ,
a fall in residual nitrite concentrations when compared with'
back bacon, while the S-nitrosocysteine cured samples 
both cuts of bacon showed low N-nitrosamines content.
48, Fig 39)
/
for / 
(Table
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40
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rosamnes romea. curing .'Tying of Bacon 
Expressed of Nitrosoovrroline in Fried
0
Bacon Prepared with Nitrite
20
Bacon Prepared with S-Nitrosothiol
50100 "1
Nominal Concentration of NaNO^ or 3-Nitrosothiol in Raw Bacon (ppm)
Pig. 39 Formation of Volatile N-nitrosamines Doing the Prying
of Bacon Preoared Using Various Concentrations of____
Sodium Nitrite or S-Nltrosocystsine.
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4.10.10. The Effects on the Outgrowth of Clostridium Sporogenes of' 
Nitrite and S-nitrosocysteine.
Sodium nitrite not only prevents food spoilage hut also the 
formation of hotulinum toxin, which is an argument for 
maintaining high levels of sodium nitrite in cured meat 
systems.
The Microbiology section at L.F.R.A. has developed a rapid 
test to determine the inhibit ;ing effect of chemical 
compounds on the outgrowth of spores on the basis of pyruvic 
acid accumulation and NAD reduction as indicators of the 
biosynthesis of ATP required.
For this purpose, fresh S-nitrosocysteine crystals of 1009b 
purity were prepared and compared with sodium nitrite on 
the above system by Dr. L.Woods.
The results in (Fig. 40 and 41) indicate that approximately 
550ppm sodium nitrite is required for 0^% inhibition of 
NAD reduction as compared with only approximately 6ppm 
S-nitrosocysteine.
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4.6.6. SUMMARY AND DISCUSSION
S-nitrosocysteine showed many advantages over sodium nitrite 
as a curing reagent. The ampoules could be prepared to a 
high degree of purity (95-100%) with less than 1% sodium 
nitrite as a contaminant, at which level a cure with sodium 
nitrite alone could not be affected. There was, however,
a need to stabilize the crystals, as Hoffmann and Mirna (1969)
j i
had„indicated jthat S-nitrosocysteine had a half life of 50h. . 
in 0.1 ^sulphuric (acid solution. Thus, it could be shown 
that storing the crystals in glass capped bottles in the
I
freezer for a period Of 1 month led to a loss in purity 
of 50%; however, the^breakdown products did not interfere 
with the curing action,and even at half the initial level 
the conversion: of the haem pigment to its nitrosyl derivative 
compared with that obtained when sodium nitrite was used 
as a curing reagent at a level of 150ppm.
Storing the crystals in glass capped bottles still allowed 
the admission of air which led to their subsequent break- ' 
down and a more effective method of storing crystals was 
developed in sealed glass ampoles under argon. It was 
noted that the initial fall in purity of the 'Crystals 
occurred during the sealing process and was^due to the 
evacuation of the sample under vacuum to enable purging 
of the crystals with argon which was carried out three 
times. Earlier it had been shown that S-nitrosocysteine was 
susceptible to breakdown to nitric oxide under vacuum. To 
prevent, therefore, this initial fall in purity when storing 
crystals in ampoles the evacuation of the system was carried 
out once only followed by purging with argon for 15niin 
before sealing the ampoles.
The results from the storage of the crystals in ampo.les for 
a period of a month at room temperature and 6 months under freezer 
conditions indicated that this was a suitable method of 
storage for the crystals especially for use on a commercial basis.
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The application of S-nitrosocysteine as an alternative to . 
sodium nitrite as a curing reagent at pH6 in model system 
studies showed 80-100% formation of nitrosylmyoglobin at a 
S-nitrosocysteine concentration of 2.5niM at room temperature 
which on heating to 70°C led to 100% formation of the nitro­
sylmyoglobin pigment.
A similar effect was obtained using a mixture of sodium
! ' ' /nitrite and cysteine hydrochloride at the above concentrations.
' .. /
; /
A method of distinguishing between nitrosylmetmyoglobin and
j
nitrosylmyoglobin by bubbling oxygen through the pigments 
has been developed. In !the former, the spectrum changes 
to that typical of metmyoglobin while the latter remains 
unaffected by virtue of its stability. Nitrosylmetmyoglobin—  
containing samples were also capable of autoreduction to nitro­
sylmyoglobin if held for 30mins at room temperature. The 
extension of the model system studies to the determination of 
the effect of S-nitrosocysteine in the presence and absence 
of the sulphydryl compound cysteine hydrochloride at the 
10mM level over a wider pH range of 5*4 - 7*0 showed that 
in the presence of the sulphydryl compound, S-nitrosocysteine 
could bring about formation of the nitrosyl pigment even at 
low concentrations of 1.0mM whereas sodium nitrite was 
not active.
The noticeable thing was that the formation of the nitrosyl 
pigment from the S-nitrocysteine did not require other 
reducing agents.
The formation of the nitrosyl pigment occurred at all pH
values using S-nitrosocysteine and although there was some pigment
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precipitation at pH5.4 from solution this would not affect 
colour deleteriously in a meat system.
At levels of 10mM a mixture of sodium nitrite and cysteine 
hydrochloride could bring about nitrosyl pigment formation 
to only 10% at room temperature which increased to 85% at 
70°C, and was less efficient than the 100% formation of the 
pigment using S-nitrosocysteine. This suggested that this 
compoundwas more efficient in imparting nitric oxide to 
myoglobin and is therefore a likely intermediate for the 
formation of the cured pigment.
’ *
The study was therefore extended to the use of S-nitroso- 
cysteine as a curing agent in meat systems which showed 
that it not only lowered the time of curing to 2 hours 
in comparison with 48hrs using an equivalent amount of 
sodium nitrite, but also raised the initial percentage 
conversion to the nitrosyl pigment up to 100% in raw 
samples cured with 200ppm S-nitrosocysteine whilst at 
the 25ppm level the percentage conversion to.the nitrosyl 
pigment was comparable with that using sodium nitrite at 
150ppm.
The maximum concentration of residual sodium nitrite was 
below 5ppm for meat systems cured with S-nitrosocysteine in 
comparison with 70-80ppm for those samples cured with 
sodium nitrite at the 100ppm level.
Eanken _et al (1972) had reported that residual nitrite was 
required to maintain the cured colour especially under 
adverse conditions such as in radiation with bright light 
in display cabinets. In these studies of the cooked samples 
subjected to fading those cured with S-nitrosocysteine still 
maintained their colour, even in the sample with an input
- 2 3 7 -
level of 25ppm, while samples cured with sodium nitrite at 
10ppm had discoloured to an unacceptable grey appearance.
The initial percentage conversion to the nitrosyl pigment 
in the presence of sulphydryl compounds seemed to determine 
the stability of the samples to adverse fading conditions 
and not the level of residual nitrite.
This is important since it is the excess residual nitrite in 
cured meat products which according , to Telling (1962) leads to 
N-nitrosamine formation. However, there was evidence that 
excess S-nitrosocysteine i.e. greater than 25ppm used in 
the curing system could also lead to the formation of N- 
nitrosamines^>'Dennis et al(,>1979)«
We showed that the residual levels of S-nitrosocysteine in 
the cured samples gave only low residual nitrite levels 
which did not account for all the S-nitrosothiol used in 
curing. It was probable that the excess reagent had broken 
down to nitric oxide or nitrogen dioxide.
The possibility of N-nitrosamine formation was examined 
in both back and collar slice cured bacon prepared with 
S-nitrosocysteine. Meat samples cured with sodium nitrite 
at 150ppm.showed 15ppb of total N-nitrosamines in the 
condensate compared with 2.8ppb expressed as N-nitroso- 
pyrrolidine in the samples cured with S-nitrosocysteine at 
the same level.
Sodium nitrite has been favoured as a curing agent by virtue 
of its forming the cured colour, imparting the flavour to 
cured products, and also by its ability to prevent botulinum 
toxin formation in meat tissue by inhibiting the outgrowth 
of Clostridium botulinum.
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It has been shown that S-nitrosocysteine is more 
efficient in curing meat products. Its effect on the 
outgrowth of Clostridium botulinum was tested by the Micro­
biology section atlu.F.R.A. and results showed that .50ppm 
of S-nitrosocysteine was more effective in preventing ^he 
metabolism of Clostridium sporogenes when using pyruvic 
acid than 300ppm of sodium nitrite.
5.0 General Conclusion and Suggestions for Purther Investigations
Nitrite added in strictly controlled amounts during the preser­
vation of meat by curing is involved in the stabilisation of 
the development of micro-organisms particularly of Clostri­
dium botulinum and hence Botulinum toxin. In the U.K. concent­
ration of nitrite is restricted by legislation to 200mg/kg 
of meat. Although the nitrite level has always been in 
great excess of that required for the conversion of myoglobin 
to nitrosylmyoglobin, most of the nitrite could not be 
recovered from meat. The extent of loss of sodium nitrite is 
dependent on pH and actual processing conditions.
The questions that came to mind were:-
(1) What were the actual processes involved in cured 
colour formation?, and
(2) Was there a necessity to add sodium nitrite in excess?.
This research programme was designed to answer these questions 
with particular reference to the role of sulphydryl compounds 
in cured pigment formation.
Many workers had investigated the actual curing process and
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concluded that reducing systems are required either to main­
tain myoglobin in reduced form or to reduce nitrite to 
nitric oxide and thus facilitate nitrosyl pigment formation.
In raw meat tissue enzymatic redox systems would be functional. 
However, to form and maintain cured colour in cooked meats 
other biological redox systems such as the sulphydryl-disulphide 
interconversion would be involved,as, at these high tempera­
tures, enzymes would be inactivated.
Nitrosylmyoglobin is particularly susceptible to photo­
oxidation and in order to maintain the desirable pink colour, 
excess nitrite is required.
Besides reacting with amino, sulphydryl and phenolic groups as 
well as unsaturated compounds in meat, nitrite can react with 
secondary amino and amides to form N-nitroso: derivatives, the 
great majority of these tested being carcinogenic in experimental 
animals.
The safety of nitrite is therefore a subject of debate especially 
'after Newberne (1979) reported that nitrite itself could be 
carcinogenic, as reviewed by Butler (1980).
The role of sulphydryl groups in cured colour formation 
therefore has been investigated with a view to lowering 
nitrite concentration in cured meats, in order to understand 
meat colour chemistry in detail,and to study the causes of 
discolouration in meat products. For the latter, there was 
a need to develop a method of analysing pigments in situ 
in meat tissue without the process of extraction.
Initially, both simple and reproducible model aqueous systems 
containing haem protein needed to be developed. Later a model 
meat system which consisted of minced lean meat hamburgers
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was developed* For convenience this system was referred to 
as the hamburger system*
The optimum cooking conditions established for this system 
were 70°C for 10min* Although 10ppm of input sodium nitrite 
should have been sufficient to give an adequate cooked cured 
colour, as the myoglobin to nitrite molar ratio: at this 
nitrite concentration was approximately 1:1, nevertheless, 
20-30ppm of sodium nitrite was required to give a colour 
which was stable for 3 weeks at 5°C in the dark*
The hamburger meat system was also suitable for the evaluation 
of haem pigments in 2.0mm thick slices by transmission 
spectrophotometric analysis. This method of pigment analysis 
was suitable for examining small areas of discolouration 
without the introduction of artificial factors which may 
occur with an extraction process.
Spectra obtained by transmission spectrophotometry of haem 
pigments in thin slices of meat compared well with those of 
the same pigments in solution. The only exception was the 
spectrum for metmyohaemochrome which, although different, was 
identified as the spectrum for that pigment by chemical 
changes.developed in these studies.
The development of different reference preparations, such as 
the hydrogen peroxide bleached slice for examining pigments 
in cooked meat tissue, and the selective chemical changes 
of the various forms enabled us to differentiate success­
fully between met-, oxy-, reduced carboxy- and nitrosyl- 
myoglobin pigments.
The technique devised has been used successfully to analyse
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discolouration problems in various meat samples. For 
instance, it showed that the haem pigment present in cooked 
meat tissue is chemically similar to oxymyoglobin in raw 
tissue and reacts with sodium dithionite and carbonimonoxide 
in the same way. The development of new cell holder systems 
enabled us to reconstitute 2.0mm thick slices and thus 
studies of superficial and small areas of discolouration 
were now possible.
The transmission spectrophotometric technique enabled 
differentiation between low input nitrite levels in curing 
(2-20ppm)• The use of reduced nicotinamide haemochrome 
allowed quantification of the nitrosyl pigment in our test 
samples 9 and the results compared well with the Hornsey 
technique (1957)•
The development of a method for the quantification of other 
forms of the myoglobin has been possible through the use 
of a new type cell holder which can be used for examining 
tissue of various thickness.
Thus, tissue bleached with hydrogen peroxide could be 
reconstituted with a known concentration of a particular 
haem pigment in the pure form and in this manner the 
extinction coefficient for this pigment could be established.
Furthermore, this procedure permitted the cooking of meat 
samples in situ whilst the pigment formation was being 
monitored by transmission spectrophotometry.
This permitted a study of the transitional greying noted 
during cooking at 5 0 - 6 0 ° .Ranken et al,£l972) which was found 
to be a visual effect due to protein denaturation, and showed-
-242-
that the level of nitrosyl pigment actually increased with 
cooking temperature both at 50 and 150ppm of input nitrite*
The attempts made to use the Gardner colorimeter in 
measuring the development of cured colour had short'Comihgs 
in that the samples faded while taking readings*
Investigations of the ability of sulphydryl compounds such 
as cysteine and reduced glutathione, found in biological 
systems, to promote the formation of nitrosylmyoglobin from 
metmyoglobin in model systems, have been carried out*
At temperatures above ambient,precipitation of haem protein 
occurred at pH 5*4 and below* Nevertheless, the conversion 
of metmyoglobin to nitrosylmyoglobin was greatest at this pH 
probably due to the availability of undissociated nitrous 
acid* Otherwise, nitrosylmyoglobin was not formed without 
heating. At 60-70°C, the conversion of metmyoglobin to 
nitrosylmyoglobin was 100% in the presence of cysteine at 
pH 7.0.
It was apparent from the results obtained that simple ' 
sulphydryl compounds not only stabilised but were also involved 
in the formation of the nitrosyl pigment in the model systems. 
It was established that a 10mM concentration 'of the sulphydryl 
reagent was representative for these studies. Hamm et al
(1966) had shown the sulphydryl content of meat to be 25mK 
and above.
Before the determination of sulphydryl groups was attempted, 
methods for their analysis in meat and a aqueous systems 
were investigated. Methods using Ellmanfs reagent and the
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silver ion electrode were both suitable for determination 
of sulphydryl groups in solution, the double indirect method 
of amperometric titration was not only sensitive but also 
reproducible. The use of 200ppm levels of sodium nitrite 
in curing did not lead to oxidation of sulphydryl groups.
Under adverse conditions of fading however, the sulphydryl 
group concentration did not ever fall below that determined 
in raw meat samples froip in two separate batches of meat.
This suggested strongly that an equilibrium existed between 
sulphydryl groups available for reaction and those bound to 
proteins and peptides and therefore not available for 
determination.
Further research involved the addition of sulphydryl compounds 
such as cysteine and reduced glutathione to the curing salts 
at input nitrite concentrations of 5-50ppm. This showed that 
there was a better utilisation of nitrite and formation of 
cured pigment in their presence. The residual nitrite level 
in the samples with an input of 50ppm sodium nitrite was 
37ppni compared with that of 1-2ppm in those containing the 
sulphydryl compounds. Generally there was a 20% increase in 
the formation of cured pigment in the presence of sulphydryl 
compounds.
Although cooking led to further increases in the cured pigment 
formation in all samples, there was no appreciable fall in 
the nitrite concentration, which suggested an intermediate 
form of nitrite, not available for determination using the 
Griess reagents, was being utilised.
Although the residual nitrite level fell during fading, in 
samples cured with the added sulphydryl compound, the colour
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of sample cured at an equivalent sodium nitrite concentration 
of 5ppm was very good. Compared with nitrite alone at this 
level, it seemed that cured colour stability was governed by 
two factors:
(1) The initial percentage conversion to the nitrosyl pigment,
(2) The presence of bound nitrite. Hoffmann and Mirna (19&9) 
had indicated S-nitrosothiols as intermediates in the binding 
of nitrite.
Both this model system study and work by Reith and Skalskly 
(1967 a» b) had indicated the importance of pH in the formation 
of the nitrosyl pigment. It would therefore be of interest 
to determine the role of sulphydryl groups in meat systems 
at different pH values.
The fact that nitrite utilisation in the presence of 
sulphydryl groups is improved, and residual nitrite concentra­
tion lowered markedly, has implications on nitrosamine 
formation and anticlostridial activity and this would need 
to be investigated if these compounds were to be added to 
conventional curing systems.
Since the interaction of nitrous acid and sulphydryl groups 
may result in formation of S-nitrosothiols which could be 
intermediates in the binding nitrite, S-nitrosocysteine was 
prepared in the laboratory to 100% purity on the basis of 
its millimolar extinction coefficient with concentrations 
of nitrite impurity of less than 1%.
The crystals of S-nitrosocysteine could be stored in glass 
ampoules for a period of 6 months in the freezer compartment 
of the fridge without appreciable decomposition .
-245-
A model system study of the effect of S-nitrosocysteine 
at a concentration of 1-2.5mM on the conversion of metmyo­
globin in the presence and absence of cysteine hydrochloride 
as a reducing agent at the 10mM level indicated that S- 
nitrosocysteine was capable of converting it to nitrosyl­
myoglobin in the absence of other reducing agents. However, 
it was more effective in the formation of the nitrosyl 
pigment in the presenoe of reducing agent such as oysteine 
hydrochloride at all pH values. . ,
The use of S-nitrosocysteine as a potential curing agent has 
therefore been investigated. Meat cured with 25ppm S- 
nitrosocysteine was similar to that produced using 150ppm 
sodium nitrite although the residual nitrite concentration 
was much lower (less than 5ppn).
Under test the cured colour did not fade. Furthermore, the curing 
process with S-nitrosocysteine was more rapid with a cure in 
1-2 h compared with 48 h using sodium nitrite.
S-nitrosocysteine showed marked anticlostridial activity, 
and formation of N-nitrosamines in samples cured with it 
was also lower than in samples prepared with nitrite.
The implications of S-nitrosocysteine as a potential curing 
agent to replace sodium nitrite are profound^ and further 
research on other S-nitroso derivatives and their use as 
potential curing agents would be of interest. Primary 
attempts to crystallise S-nitrosoglutathione were un­
successful and further research leading to purified S- 
nitrosoglutathione by use of solvents such as ethanol 
should be investigated.
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This work has indicated that sulphydryl compounds are potentially 
useful reducing agents, which, if added to meat improve the 
efficiency of nitrite utilisation during the process of curing 
either by intermediate formation of a S-nitrosothiol derivative 
or by direct reduction of nitrite and metmyoglobin.
The addition of such compounds to meat systems during the process 
af cooking would allow n i t r i t e  concentrations as low as 10- 
50ppm to'be used in the curing process instead of 150ppm of 
nitrite as generally employed. The fact that these thiols reduced 
residual nitrite concentrations substantially without reducing 
the stability of the cured colour meant that there was probably 
less, nitrite available for formation of N-nitrosoamines from 
amines or amides.
It Is likely the S-nitrosothiols are formed during the process 
of curing as many samples subjected to fading tests maintained 
their colour without a marked effect on the residual concentration.
It was also possible to show that S-nitrosocysteine could be 
stored in a stabilised form for commercial use and that It 
accelerated the actual curing process. It is in fact more 
efficient than nitrite as a curing agent, and 25ppm.of S- 
nitrosocysteine cured as well as 150ppm of nitrite.
Samples cured with S-nitrosocysteine formed less N-nitroso- 
amines than nitrite and the purified material was more 
active than nitrite in inhibiting clostridial metabolism.
The use of these compounds as potential agents may well 
provide a replacement for nitrite. From these preliminary
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investigations it would appear that S-nitrosocysteine 
possesses all of the properties of nitrite required for curing 
without the hazards to health which have presented a dilemma 
in using nitrite for the preservation of meat by curing.
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